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Sewage Treatment Plant Paul A. Uhimann & Associates ; 

Columbus, Ohio ENGINEERS 
fo Tue overwhelming majority of Consulting and Design Tubes. It's a question of “Diffused Air Bceonomics”. ' 

é 7 Engineers who planned equipment for Activated Sludge Continuous operation of an Aeration Battery is possible ‘ 

= 4 Sewage Treatment Plants in the past five years specified only with Swing Diffusers. The most economical opera- ; 

é : F CHICAGO Swing Diffusers and Precision Diffuser tion is possible with Precision Diffuser Tubes. 

: @ Low first cost. | 

— @ Continuous performance 

without extra tanks. 

@ Economical operation—less power con- 

i @ Tubes easily and economically cleaned. 


WRITE FOR FULL ENGINEERING DETAILS 


G CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
7 2300 WOLFRAM STREET “> o CHICAGO 18, ILLINOIS 
4 Flush Kleen. Scru Peller, Plunger Swing Diffusers Stationery Dittusers, 
Horisontal and Vertical Mon Clogs 


Mechanical Aerators Combination 
Water Seai Pumping Unis Samplers Aerator Clarifiers Comminutors 


a THE OVERWHELMING MAJORITY | 
| THE OVERWHELI 

AND PRECISION TUBES 
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SEWAGE AND INDUSTRIAL WASTES 


No wet chlorine in vital control parts 


BUILDERS CHLORINIZERS control and meter 
chlorine gas in the dry, non-corrosive state. Dry, 
non-corrosive gas as it comes fror the cylinder 
is regulated, controlled, and metered before it 
enters the bell jar where it first comes in contact 
with water. As a double protection, the chlorine 
control valve is lined with porcelain enamel and 
has a Tantalum diaphragm with silver valve 
seat and needle — materials that are completely 
unaffected by dry chlorine gas and highly resist- 
ant to moist chlorine gas. 


Here is another of the many extra features of 
BUILDERS CHLORINIZERS. Be sure to get these 
features on your new and replacement chlo- 
rinators by specifying BUILDERS. For Bulletins 
and engineering information, address Builders- 
Providence, Inc. ‘(Division of Builders Iron 


Foundry), 368 Harris Ave., Providence 1, Rhode 
Island. 


BUILDERS PRODUCTS 


The Venturi Meter * Propeloflo and Orifice Meters * Kennison 
Nozzles * Venturi Filter Controllers and Gauges * Conveyoflo 
Meters * Type M and Flo-Watch Instruments * Wheeler Filter 
Bottoms * Master Controllers * Chlorinizers — Chlorine Gos 
Feeders * Filter Operating Tables * Manometers * Chronoflo 


Telemeters 


BUILDERS IRON FOUNDRY 
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Make Plans to Attend — 


TWENTY- THIRD ANNUAL MEETING 
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IN CONJUNCTION WITH 


MARYLAND- DELAWARE WATER AND SEWERAGE 
ASSOCIATION (SEWAGE WorKS SECTION) 
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WASHINGTON, D. C. 


October 9-12, 1950 


FEDERATION OF SEWAGE WorKS ASSOCIATIONS 
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6 SEWAGE AND INDUSTRIAL WASTES 


if it’s Sewage Service Piping 
CRANE Supplies it 


FIRST CHOICE FOR CHLORINE SERVICES 


You'll settle for nothing less, once you've tried Crane 
No. 1644 Chlorine Valves. Constructed of highest 
quality materials, they assure maximum safety and 
resistance to corrosion on chlorine gas and liquid 
lines. 

Note these work-proved design features: 45° nar- 
row bearing seat gives high unit pressure to break 
down hard deposits on seating surfaces; assures pres- 
sure-tight closure. Durable, tight bonnet joint seal is 
rnaintained by bolted bonnet and corrugated Monel 
gasket. Chlorine service-tested packing keeps tight 
stem seal. 

in materials as in design, these Crane valves are 
well suited to severe service conditions. Body, bon- 
net and yoke are heavy forged carbon steel. Disc- 
stem ring and renewable disc and body seat rings 
are corrosion-resistant Hastelloy “C’’. Stem is Monel. 
Send for Circular AD-1608, or see your No. 49 Crane 
Catalog, p. 376. No. 1644, Forged Stee! Globe 


for chlorine services up to 
CRANE CO., 836 S. Michigan Ave., Chicago 5, Ll. 300° F. Sizes: % to oie, 


Branches and Wholesalers Serving All Industrial Areas Also in angle patterns. 


@ one orver CRANE covers ALL PIPING 
EQUIPMENT FOR THESE TYPICAL INSTALLATIONS 


TANK CAR UNLOADING 
RACK equipped with 
4 rane Chlorine Valves, 
forged steel flange 
unions, and fittings. 
LINES TO MOISTURE TRAP 
DRAINS in sewage disposal 
plant using Crane Iron 
Body Gate and Check 


CRANE 


VALVES « FITTINGS + PIPE +» PLUMBING AND HEATING 
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SEWAGE AND INDUSTRIAL WASTES 


Good reasons why they are your best buy 
FOR EVERY MUNICIPAL INSTALLATION 


SHONE’ PNEUMATIC EJECTORS 


FOR HANDLING CRUDE SEWAGE AND SLUDGE IN SEWAGE LIFT 
STATIONS @ IN SUBWAYS @¢ IN MUNICIPAL SEWAGE PLANTS 


These far-sighted communiies wanted 
the best, chose Shone Ejectors for recent 
installations: 

Daytona Beach, Fla. (6) 

Los Angeles, Calif., Hyperion Treatment Plant (2) 
Campus, University of Washington, Seattle (2) 
Chicago, Il, West Side Subway Extension (22) 
Osceola, lowa 

Mt. Clemens, Mich. 

Freeport, L. L., New York (6) 

Port Washington, L. L., New York (2) 
Moorehead, Minn., Treatment Plant (6) 
Anacostia Treatment Plant, Washington, D. C. 


A few of hundreds of older Shones operat- 
ing as efficiently and dependably as ever: 


Long Beach, Calif Winona, Minn. 


Ft. Lauderdale, Fla. Brookhaven, Miss. 
Pensacola, Fla. Butler, Mo. 

Silver Springs, Fla. Rolla, Mo. 

Dublin, Ga. Bloomfield, Nebr. 
LaPorte, Ind Manchester, N. H. 
Warsaw, Ind Auburn, N. Y 
Cedar Rapids, la Olean, N. Y. 
Davenport, la Rochester, N. Y. 
Sioux City, la Berea, 0. 

Hays, Kans Dayton, 0. 

Salina, Kans Enid, Okla. 
Winnsboro, La. Tulsa, Okla. 
Aberdeen, Md. Providence, R. 1. 
Baltimore, Md. Memphis, Tenn. 
Brighton, Mich Austin, Tex. 
Detroit, Mich Dallas, Tex. 

Flint, Mich Madison, Wis. 
Pontiac, Mich Milwaukee, Wis. 
Royal Oak, Mich. Neenah, Wis. 
Tawas City, Mich. Laramie, Wyo 


Faribault, Minn 


Vv no wet well 

V no noxious fumes or odors 

\ no danger of explosion 

\ no screens or shredders -- 
no repulsive cleaning job 


For 75 years, in hundreds of municipal 
installations around the world, Shone 
Pneumatic Ejectors have been a sym- 
bol of utter dependability. 


You may have heard the amazing story of the Shone 


Ejector sealed in its pit for more than 20 yeais 
never inspected because it was not listed among 
mechanical equipment; rediscovered when alteration 
work opened the pit—operating as rhythmically and 
quietly as the day it was installed. 


MINIMUM MAINTENANCE 


Shone Ejectors require no attention. They can be 
operated from distant compressors—and several can 
be operated from a single compressor plant. 


Write for Bulletin 4004—-contains Air Volume and 
Pressure Table, sizes, dimensions, air piping lay- 
outs and other comprehensive specifications. 

Use the coupon—for convenience. 


YEOMANS 


reatment Equipment 


YEOMANS BROTHERS COMPANY 
1411 North Dayton Street, Chicago 22, Illinois 


Please send your Bulletin 4004 


Name ...... 
Company 
Address 


State 
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SEWAGE AND INDUSTRIAL WASTES 


EVERDUR 


Wl 


\\ 


for 
well 
screens 


Famous for exceptional 
resistance to corrosion, 


high strength, and 


adaptability to money-saving 


fabricating methods. 


For over 20 years, Everdur* has been Johnson Well Screen, /6 in. O.D. by 35 ft. long, 
¢ heing lowered into well casing 

standard material for well screens with 

Edward E, Johnson, St. Paul, Minn., UPPER INSET—Cross-sections, slightly enlarged, 

A / made at a rate of 15 to 28 per second 

rosion and fatigue, has unusual strength 

and can be assembled by automatic “I beams or casting ingots. For more 
resistance welding. Everdur Alloys can data write The American Brass Com- 
be cast, machined, stamped, pressed, pany, Waterbury 20, Connecticut. In 
forged, welded, and are available in Canada: Anaconda American Brass 


sheets, plates, bars, rods, angles, tees, Ltd., New Toronto, Ontario. tA 


Where corrosion resistance counts — consider Everdur 


ANACONDA 


COPPER-SILICON ALLOYS 
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SEWAGE AND INDUSTRIAL WASTES 


MANUFACTURERS OF 
PEKRUL GATES FOR: 


Flood Control 


Levees 


Irrigation 
Water Works 
Dams 

Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 


Cooling Towers 


PEKRUL GATE DIVISION 
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SEWAGE AND INDUSTRIAL WASTES 


For High Efficiency 
in Clarifying Sewage 
and Industrial Wastes 


‘ALUM 


Because of its high efficiency in 
coagulating suspended solids and 
colloids ... readily and economi- 
cally ... “alum” is the choice of 
experts America over for clarify- 
ing wastes 

And because of its 50-year-old 
reputation for consistently high 
quality and uni/ormity, General 
Chemical Aluminum Sulfate is the 
first choice “alum.” So be sure 
for high efficiency in clarifying 
sewage and industrial wastes, al- 
ways specify General Chemical 
“Alum” for your operations 


1 Clean and easy to to handle 
2 Dry feeds well or dissolves readily for solution feeding 


3 Simple application; requires only low cost feeding apparatus 
and minimum attention 


4 Makes clear, low-color effluents possible 
You Benefit 6 Ways 5 Flocs effectively over wide pH and alkalinity conditions 
When You Use 
General Chemical Aluminum Sulfate 6 Helps sludge digest and dry readily with 
minimum of odor 


7 Reduces chlorine consumption in the effluent 


8 Economical to use 


CHRIMICLIS 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


© any, Inc., Milwaukee, Wi 
(a The Wichots pri Limited © Montreal Toronte 
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SEWAGE AND INDUSTRIAL WASTES 


A BETTER SYSTEM OF DIRECT RECIRCULATION FOR SEWAGE PLANT OPERATION — 


Direct Recirculation can be easily Included in any Treatment Plant! 


Biological oxidation is greatly accelerated by the Accelo Filter in the treatment 
of sewage and other organic wastes. This is accomplished by recirculating 
large quantities of the fresh unsettled trickling filter effluent directly back to 
the inlet of the filter distribution equipment. This method of operation elim- 
inates many of the nuisances common to the conventional trickling filter. The 
ACCELO FILTER System may be used to give increased capacity to overloaded 
conventional trickling filters as it makes higher dosing rates possible. Other 
advantages include: 1. Increased biological filter efficiency, 2. No increase in 
size of sedimentation tanks, 3. Smaller trickling filters, 4. No clogging, slough- 
ing or ponding, 5. No odors, 6. Reduction of psychoda fly nuisance. 


WRITE FOR complete information con- 

cerning the ACCELO FIL- 
TER SYSTEM. Ask for 12-page catalog No. 
6200 containing flow diagrams, charts, installa- 


tion diagrams, pictures, and interesting de- 
scriptions of its many superior advantages. 


BETTER WATER G° 
AND WASTE TREATMEN 
1894 


INFILCO 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQ 
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12 SEWAGE AND INDUSTRIAL WASTES 


Consulting Engineer Haskins Specifies Inertol 
Paints throughout two new sewage plants 


North Side Sewage Plant, the larger of the two plants at Joplin, Missouri. 
Inertol colors and black bituminous paints applied throughout both plants. 
Consulting Engineer: Charles H. Haskins, Kansas City. 
Contractor for North Side Plant: Eby Construction Company, Wichita. 
Contractor for South Side Plant: Lippert Brothers, Oklahoma City. 


Stringent paint specifications for both Joplin plants 


Exterior steel and equipment exposed to fumes: “‘Rustinhibitive Primer and 
Ramue Utility Enamel as manufactured by Inertol Co., Inc. or approved equal.” 
Exposed interior piping: “Rustinhibitive Primer and . . . a tough high-gloss 
protective enamel similar and fully equal to Inertol Glamortex.’”’ Concrete 
ceilings, upper walls, dadoes, floors: ‘““Ramuc Utility Enamel or approved equal.” 
Concrete and steel submerged in sewage: “approved acid-resistant paint similar 
and fully equal to Inertol Standard and Inertol Standard Thick respectively.” 


For exposed surfaces, the engineer chose the colors Battleship Grey, Dark 
Green, White and Medium Grey. For submerged surfaces, Black. 
Why specify Inertol coatings? 


Specify Inertol to satisfy clients and eliminate complaints on the paint job. 
Since Inertol chemists employ tough, chemical-resistant resins and pigments, 
the finished coatings stand up to abrasion, fumes, condensation and submersion. 
No peeling, no blistering, no fading. Inertol paints enduringly beautify and 
protect sewage plants. 


Local Inertol representatives for your convenience 


Drop a post card to Inertol: “Have your local man see me about painting 


INERTOL CO., INC. 


19 South Park 480 Frelinghuysen Avenue 
San Francisco 7, California Newark 5, New Jersey 


Inertol, Ramuc, Glamortex— Trademarks registered U. S. Pat. Off. 
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The valve that’s 


A PERFECT APPLICATION FOR SEWAGE DISPOSAL SERVICES 


LUBRICATED | external a er g screw 


AUTOMATIC LUBRICATION WITH HYPERMATIC 


EA SY 0) PERAT | 0) N | quarter-turn wn close 


ANTI-FRICTION | resilient shoulder seal 
UNEXPOSED | fully-protected seat 


NON-LEAKIN G lubricant-sealed ports — 
FLUSH WALLS | streamlined passa se 


NON-STICKING | futl-seated plug 


Conventional valves have to unseat to open. 


Nordstrom valves never unseat. The plug turns 
on an unexposed seat. Abrasives cannot 


Availeble in all sizes and for all pressures Semi-Steel, Nordco © 


intrude to cut the seat. Result? Longest life. : 
Steel, Stainless Steel, bronze and Special alloys. Ask for Bulletin. 


Positive closure. 


NOW AUTOMATICALLY LUBRICATED WITH inl 


PATENTS APPLIED FOR 
Nordstrom Valve Division—ROCKWELL MANUFACTURING CO. - 
400 North Lexington Avenue, Pittsburgh 8, Pa., Offices in all principal cities Division, viding. New Vora 4 


ase 
i | 
1 
4 
e 
a 
3 
9 
| 


i4 SEWAGE AND INDUSTRIAL WASTES 


| Dresser Couplings join | 


18” line to aeration tanks | 
at Chicago’s West Side 
Sewage Treatment Plant. 


Fourteen years of trouble-free service 
in Chicago's West Side Sewage Treat- 
ment Plant prove the dependability of 
Dresser Couplings for air distribution 
lines. These lines are continuing to give 
excellent service. 

Lasting tightness is assured with 
Dressers, because these flexible joints, 
with their resilient rubber gaskets, harm- 
lessly absorb vibration, expansion and 
contraction. Gaskets are specially com- 
pounded for long life. 

Ideal on raw-sewage, sludge, outfall, 
air, water-supply and inside pipe lines. 
Write today for catalog material. 


Dresser Manufacturing Division, 59 Fisher Avenue, Bradford, Pa. (One of the Dresser 
Industries). In Texas: 1121 Rothwell Street, Houston. In Canada: 629 Adelaide Street, 
W., Toronto, Sales Offices: New York, Philadelphia, Chicago, Houston, San Francisco. 
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Typical Installation of Announcement! 


THE PROCESS OXIDATOR 

ee -| Process Engineers Incorporated are pleased 
to announce the appointment of the Pacific 
Flush-Tank Company as representatives for 


THE PROCESS OXIDATOR 


With first hand information readily available 
regardless of locale, every engineer interested 
in modern sanitation should investigate this 
revolutionary one tank combination aeration, 
coagulation and sedimentation process. As ex- 
clusive Eastern and Middle Western agents for 
the Process Oxidator, “P.F.T.” have again dem- 
onstrated the progressive attitude that has 
marked their continual advancement in the field 
of sewage treatment since 1893. Process En- 
gineers Incorporated will continue to service 
demands for the Process Oxidator in the West 

: id where installation after installation has resulted F 
aimee Y-epraread in lower initial expenditures and higher re- 
movals at a greatly reduced cost per PPM re- 
moved. 


The Pacific Flush-Tank Company and Process 
Engineers Incorporated have available Bulletin 
106 which gives full information about this new 
leader in sewage treatment. Both firms also 
maintain a staff of specialized Engineers who 
will be glad to assist you with your particular 
problem. 


Secondary Oxidator 


Proven Points of the Process Oxidator 


Improved clarification 


ded 


Higher removal of 


Increased grease removal 


Minimum scum handling 


Greater reduction in bio-chemical oxygen demand 


Elimination of odors by maintaining sewage in 
fresh condition 


Water 
sewage is used for 


irrigation 


Suited to processes involving chemical reactions 


Lower capital cost and upkeep 


ofe 


PROCESS ENGIN INCORPORATED 


021 MARKET STREET 6381 HOLLYWOOD 
SAN FRANCISCO 3, CALIF Sine LOS ANGELES 28, CALIF 
EASTERN AND MIDOLE WESTERN REPRESENTATIVE: 

PACIFIC FLUSH-TANK COMPANY + 4241 RAVENSWOOD AVE, CHICAGO 13, Fkh. 
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Wace: crushing strength — or, for that 
matter — without all of the strength factors 
listed opposite — no pipe laid 100 years 
ago in city streets would be in service 
today. But. in spite of the evolution of 
traffic from horse-drawn vehicles to heavy 
trucks and buses—and today’s vast 
complexity of subway and underground 
utility services — cast iron gas and water 
mains, laid over a century ago, are 
serving in the streets of more than 30 
cities in the United States and Canada. 
Such service records prove that cast iron 
pipe combi all the strength factors of 
long life with ample margins of safety. No 
pipe that is provably deficient in any of 
these strength factors should ever be laid 
in city streets. Cast Iron Pipe Research 
Association, Thos. F. Wolfe, Engineer. 
122 So. Michigan Ave., Chicago 3. 
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Strength factors of Long Life! 


No pipe that is provabtly deficient in any of these 


strength factors should ever be laid in city streets 


CRUSHING 
STRENGTH 


BEAM 
STRENGTH 


SHOCK 
STRENGTH 


BURSTING 
STRENGTH 


pound hammer. standard 6inch cast iron 
pipe dees not crack until the hammer is 
dropped 6 times on the same spot trom pro 
qgreasively increased heights of 6 inches. 


In full length bursting tests standard S-inch 
cast iron pipe withstands more than 2500 Ibe. 
per equare inch internal hydrostatic pressure, 
which proves ample ability to resist water. 
bammer or unusua! working preswures. 


CAST IRON PIPE 


16 
Fed; 
j 
The ability of cast tron pipe to withstand 
j ternal leads imposed by heavy Sil and un 
usual traific leads is proved by the Ring 
| Compression Test. Standard Ginch cast on 
pipe withstands a crushing weigh! of 
j then 14.000 ibs. per foot. 
Whee cost iron pipe is subjected to beam 
streas caused by soil settlement. or tisturbance 
7 ol soil by other utilities, or resting on an ob- : 
struction, teste prove that standard 6-inch cast 
iron pipe in 10foot span sustaine load of 
15.000 Ibe. 
The toughness of cast iron pipe which enables 
withstand impact and traffic shocks. as 
well as the basards in handling. is demon 
strated by the Impact Test. While usder hydro 
ie static pressure and the heavy blows from a 
| 
d 
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N DORR CLARIFIER 
PERFORMANCE! 


OPERATING DATA DORR SIFEED CLARIFIERS— RADIAL FLOW—ROUND OR SQUARE 
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A few moments study of these figures will give you a clear idea of what 
kind of performance you can expect Dorr Clarifiers to deliver. 


These are long-term records .. . obtained by competent plant chemists 
at well established installations. We believe they cannot be bettered. 


Performance is one of the primary factors upon which Clarifier excel- 
lence should be judged. Are you getting the best? 


We'd like to give you some figures on 
Dorr Clarifier repair costs too. Ask 
a Dorr engineer for the facts. 


vee 
Close-up of peripheral overflow from one of four 160’ dia. THE bone, Company. enoineens 


Dorr Sifeed Clarifiers at Buffalo, N. Y. NEWYORK © ATLANTA © TORONTO 
CHICAGO © DENVER © LOS ANGELES 
WESTPORT, CONN, 

SUGAR PROCESSING 
PETREE & DORR DIVISION, STAMFORD, CONN 

AND 
Dorr Technica! Services ond Equipment Are Also 
Avodoble Through Assccicted Componte: ond feo 
the Cities of the World. 
Momes ord Addresse: on 
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Sewage Works 


Disposal of solids removed as sludge 
from sewage by primary and seecond- 
ary sedimentation is the difficult and 
costly part of treatment. 
Sludge thus removed varies in quan- 
tity depending on the method of treat- 
ment, is composed of a large per- 
centage of putrescible organic solids, 
and is high in moisture content. 

Sewage sludge is highly putrescible 
and, unless properly processed for dis- 
posal, is the principal potential nuis- 
ance encountered in the treatment of 
sewage. Unless disposed of, sludge can 
also be a nuisance from the standpoint 
of accumulation, even though properly 
processed. The purpose of processing 
and disposal, therefore, is to render 
the sludge unobjectionable and to get 
rid of it to avoid excessive aceumula- 
tions. 


sewage 


Sludge Removed from Sedimentation 
Tanks 


Data on the amounts of sludge per 
capita per day and the percentage of 
solids and organie content are pre- 
sented in Table I. The figures vary 
over a considerable range; in general, 
however, organie content and per cent 
solids are higher and sludge produced 
per capita is lower for primary settled 
sludge than for activated sludge with 
primary and secondary settling. 

* Presented at 1949 Annual Meeting, Penn 
sylvania Sewage and Industrial Wastes 
Assn.; State College, Pa.; Aug. 24-26, 1949. 


SLUDGE DEWATERING AND DISPOSAL * 


By Samvueu I. Zack 


Chief Sanitary Engineer, Gannett Fleming Corddry and Carpenter, Inc., Harrisburg, Pa, 
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Concentration 


After removal from sedimentation 
or digestion tanks, sludge can be con- 
centrated in separate tanks to reduce 
the water content, to conserve digester 
capacity, and to facilitate dewatering 
on vacuum filters. Concentration of 
sludge (1) has been accomplished by 
separate thickening tanks, reductions 
in volume of sludge of 75 to 88 per 
cent having been obtained at Balti- 
more, Md., by their use. Unthickened 
sludge has a solids content of 0.9 to 
1.1 per cent, and thickened sludge has 
a solids content of 1.4 to 2.1 per cent. 
Time is an important element in con- 
centrating sludge. Primary settling 
tank sludges can be thickened to 6 to 
8 per cent solids content by holding 
in settling tank sludge hoppers or in 
separate concentration tanks. Chemi- 
cally precipitated sludges can be thick- 
ened to about 8 per cent solids content. 

Donaldson reports that activated 
sludge ranging in solids content from 
0.4 to 0.5 per cent was concentrated 
to 1.35 to 3.48 per cent solids by stor- 
age. Solids content of 5.94 per cent 
in digested sludge was increased to 
7.94 per cent by storage. 

The solids content in sludge is in- 
creased from 8.03 per cent to 9.09 
per cent by thickening at the Minne- 
apolis-St. Paul (Minn.) Sanitary Dis- 
trict (2), with a corresponding reduc- 
tion of 27 per cent in the volume of 
sludge going to the vacuum filters. 
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SEWAGE AND INDUSTRIAL WASTES August, 1950 
TABLE I.—-Sludge Removed from Sedimentation Tanks 


Dry Solid 
7 Org. Matter 
n Dry 


(a) Primary Serriep 


Grand Rapids Mik h 1046 17 0.34 
Hartford, Conn 1048 0.23 
Minneapolis-St. Paul 

Sanitary District 1047 0.40 
Racine, Wis 1946 0.25 
Buffalo, N. ¥ 1045-46 0.19 
Dist. of Columbia? 1047 0.13 
San Francisco, Calif 

Richmond Sunset 1944-45 0.23 
Frederick, Md 1948 0.38 


(b) PRECIPITATION 


Wilmington, Ohio* 1040 0.41 0.32 3.7 
Lebanon, Ohio’ 1940 0.89 j 0.89 0.6 


c) Activatep SitupGe with PRIMARY AND SECONDARY SETTLING 


Springfield, Ill 1042 0.65 5. 0.22 
Jackson, Mich 1047-48 0.54 i 0.25 
Ann Arbor, Mich 1047 0.83 0.19 
Cleveland, Ohio 
1047 0.73 0.24 
New Britain, Conn.* 1o44 0.27 0.17 
Belleville, 1044-45 O.62 0.17 3.< 69.0 
Marion, Ind 1048 0.65 0.24 5.3 61.0 


Annual report 

jased on population equivalent 

Report on operating tests dated June 16, 1941, Ohio Department of Health 
‘Guggenheim process 


Excess activated sludge was thick- cals, both for precipitation and flota- 
ened in concentration tanks from a_ tion. The flotation method, using alum, 
solids content of 2.54 per cent to 4.05 has been in use at Plainfield, N. J. 
per cent during the last half of 1947 Concentration of sludge reduces the 
at the Southerly plant in Cleveland, digestion capacity required and makes 
Ohio (3 it possible to operate vacuum filters at 

Sludge was thickened by storage to higher rates, based on the amount of 
reduce the volume for barging to sea dry solids that can be dewatered per 
it the Elizabeth (N. J.) Joint Meet square foot per hour. It also reduces 
ing plant. In 1944, the raw sludge had the volume that has to be barged 
a solids content of 5.4 per cent before where sea disposal is employed. 
storage and a solids content of 82 per 
cent r storage. The reduction in Digestion 


volume by cones ntration amounted to The most common method of proces- 


about 45 per cent sing sludge is by digestion of the or- 
Some success has been reported in ganie solids and drying the digested 
thickening sludge by the use of chemi sludge on sand beds. Digestion is ae- 


- 
976 
ofa 
Locut Year 
2.9 0.12 5.6 70.2 
2.0 0.13 6.7 

es 1.6 0.12 7.2 68.5 : 
11 0.09 64.9 ; 

1.9 0.08 1.3 84.1 

3.2 0.16 5.0 

65.0 
26.4 
: 

: 
‘ 

: 
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complished in Imhoff tanks, or in cov- 
ered heated or unheated digesters. The 
collection and use of gas for fuel or 
power generation is incidental to the 
digestion of the sludge. 

Data on sludge removed from diges- 
tion tanks are presented in Table II. 
Where digestion capacity is adequate, 
digested sludge has a higher solids con- 
tent than raw sludge removed from 
primary sedimentation tanks. It has 
a much lower volatile content than 
raw sludge, and this figure varies in 
accordance with the amount of diges- 
tion accomplished. The volume of 
sludge to be handled is reduced 35 to 
30 per cent by digestion. 


Sludge Removed 


Location Year! 


(g.c.d.) 


(2) Primary Serriep anp 


Grand Rapids, Mich. 1946-47 0.19 
Hartford, Conn. 1948 0.12 
Buffalo, N. Y. 1947-48 0.07 
Dist. of Columbia? 1947-48 0.059 
Racine, Wis. 1946 0.045 
San Francisco, Calif. 

tichmond Sunset 1944-45 0.19 


(b) Activatep with PRIMARY AND SECONDARY SETTLING 


1947-48 0.31 


Jackson, Mich. 

Springfield, Ill. 1942 0.075 
Ann Arbor, Mich. 1947 0.39 
Marion, Ind.’ 1948 0.41 


(c) Trickuina Fivrer wits PRIMARY AND SECONDARY SETTLING 


1945-46 


Elgin, Il. 

Galesburg, Ill. 1947 | 

Worcester, Mass. 1944 0.28! 
0.09° 


Annual report. 

2 Based on population equivalent. 

3 Sludge digested with garbage and whey. 
‘ Imhoff tank sludge. 

5 Digester sludge. 

6 Secondary settling tank sludge. 


TABLE II.—Sludge Removed from Digestion Tanks 


tb. /eap./day 
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Drying Beds 


Either open or glass covered sand 
beds are utilized for drying sludge. 
Open beds have been used generally at 
the smaller treatment plants, and for 
the larger plants located on isolated 
sites of ample area, or in warm, dry 
climates. 

Glass covered beds cost more per 
square foot, but more sludge can be 
dried on properly designed covered 
beds. Consequently, the drying bed 
area required is from 30 to 50 per cent 
less than for open beds. In order to 
hold costs in line with financing, con- 
struction of glass enclosures has been 
deferred on several recent projects 


Iry Solic 

| Org. Matter 

__ in Dry 
le 

Ib. /eap. day) %) Solids (%) 


1.61 0.078 50 | 602 
1.01 0.050 1.9 50.7 
0.60 0.068 11.1 60.0 
0.50 0.040 8.0 45.9 
0.38 0.033 8.7 48.0 
1.60 0.028 1.7 68.1 


2.60 0.18 6.9 45.0 
0.64 007 | 59 40.9 
3.25 0.1m | 13 65.3 
4.20 0.18 | 42 49.7 


64.368 

4.2%5 | 60.245 

43.15 
2.34! 0.178 74° 45.98 
0.80% 0.03* 3.5° 47.3° 
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TABLE III.—-Digested Sludge Removed from Drying Beds 


Lorati« Year Type of Treatment Solids (% 
Springfield, Tl 1942 Act. sludge | 24.83 50 
Jackson, Mich 1947 Act. sludge 2.80 36 
San. Dist. of Chicago 1947 Imboff tank 32 
Elgin, 1 1945-46 Tr. filt., prim. and 

sec. sett. 0 67 $0.5 
Worcester, Mass 1044 Imhoff, tr. filt., 
final settl. 2.92 


Annual report 
? Pounds 


municipalities do not provide much in- 
with design capacity. formation on sludge removed from dry- 

Divested sludge from Imhoff tanks ing beds. The data shown indicate 
at the West Side plant of the Sanitary that the moisture content is from 50 
to 68 per cent in sludge taken off the 


until growth in population catches up 


District of Chicago is dried on open 
ra | bee ds, then removed from the beds beds. 
and loaded into cars by means of a 


mechanical bed cleaner and loader Mechanical Dewatering 


Sludge removed from the sand beds is In the past 15 years there has been 
suitable for fertilizer, soil building, or a definite trend by the larger munici- 
land fill palities toward mechanical dewatering 

Some typical data on sludge re- of sludge on vacuum filters (Figure 


moved from drying beds are given in 1). Various types of bag, plate, and 


Table III Operating reports by frame filter presses have been operated 


FIGURE 1.—Conditioning equipment and vacuum filter for sludge dewatering 
at Battle Creek, Mich. 
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in this country, but have not aequired 


popularity due to the labor required 
for operation and for removal of press 
cake Centrifuges have not received 
general acceptance because of the pres 
ence of fine solids in supernatant 
liquor 

Except for the 

‘ first cost of a vacuum filter installa 
How 
due to operating costs and the 
for 


economical to use 


very small plants, 

s less than for drying beds 
ever, 
conditioning 


ost of chemicals 


sludyve, it is not 
vacuum filters for contributory 


than 25 000 to 


popu 
50,000 


lations less 


However, under some circumstances 


such as critical plant site or 
industrial 


pres 
wastes it 
for the 
vacuum 
beds 


De higher. 


ence of certain 


is feasible and desirable even 


smaller communities to use 


filters instead of drying even 
though costs may 

Vacuum filters are being used to de 
water undigested and digested sludge 
taken out of sewage in primary treat 
sedimentation and 


ment by plain 


chemical precipitation processes, and 
in secondary treatment by rock filters 
sludge aeration, in each 
followed by final 
Normal practice is to 


ferric for 


or activated 


sedimentation 


utilize lime 


and chloride conditioning 


INDUSTRIAL 


WASTES August, 1950 
raw sludge from primary treatment, 
or undigested sludge from any treat- 
to dewater- 
Ferrie chlo- 


sludge con- 


ment process preparatory 
filters 

suitable 
ditioner for raw sludge produced by 


ing by vacuum 


ride alone is a 
the activated sludge process, provided 
the amount of primary settled sludge 
the amount of 
sludge. The quan- 
chloride re- 


less than 


settled 
lime 


removed is 
secondary 

tity of ferric 
quired for conditioning digested sludge 
high If 
elutriated or washed with 3 to 


and 
is vers digested sludge is 
5 vol- 
umes of water per volume of sludge, 
it can be conditioned quite econom|- 
eally with ferrie chloride alone. 

Ferrie sulfate ferrous sulfate 
have been tried as sludge conditioners, 
but without a deal of 
Alum has been used with some meas- 
ure of Springfield, Mass. 
4), on digested primary sludge after 
elutriation ferric chloride 
hard to get. 

The filter cake produced from raw 
or undigested chemically 
precipitated sludge or digested sludge 


and 
vreat SUCCESS. 
success at 


when was 


primary, 


from secondary treatment has a mois- 
60 to 75 


undigested 


ture eontent ranging from 
per cent. <A mixture of 


settled primary and activated sludge 


TABLE V.-Vacuum Filter Cake Produced 


Paul 
Sanitary District 

Detroit ch 

Hartford mn 


San Franciseo, Calif 


Viinneapolis-St 
147 
1046-47 
19048 


1044-45 
1048 
1948 
1048 
IN45-46 


hichmond Sunset 
Neenah-Menasha, Wis 
Stamford, Conn 
Springheid ass 


New Britain, Cont 


Filter Cake (ib./cap./day 


Dry Solids 


ttled, raw 
‘ttled, part dig 
settled, dig 


settled, dig 

‘ttled 

ttled, dig 

‘settled dig 
ruggenheim, settled 


Mict July 1947 t. dig. with garbage 
wa Falls 1048 t.. settled 
settled 


| 
Cuval 
en ifly 


popul stion equivalent. 


: 
4 | 
fe 
3 i 

pa Wet 
0.67 0.21 
0.38 0.12 : 
: 0.12 0.04 

: 0.12 0.03 
3.35 1.072 
| 0.07 0.03 
0.58 0.21 
0.42 0.13 
0.21 0.06 
0.65 0.10 
Annual report 
ie 
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TABLE VI.—-Suspended Solids in Filtrate 
from Vacuum Filters 


Susp. 
Type of Sol. in 
Location Year! Sludge | Filtrate 
p.p.m.) 
Minneapolis-St. Paul | 1947 Settled 110 
Washington, D. C 1047-48 | Settled dig., 
elutr 160 
Cleveland, Ohio | 
Westerly 1047 Imhoff and } 
sep. dig | 353 
Southerly 1947 Dig. activated 457 


Annual report. 


can be dewatered to 75 or 80 per cent 
moisture, and settled activated sludge 
to 80 or 85 per cent moisture. 
Vacuum filter cake from digested 
sludge can be used for land fill, soil 
building, or fertilizer, about the same 
way as digested sludge from sand dry- 
ing beds. Whereas sludge from sand 
beds has to be handled manually or 
by a rather complicated mechanical 
sludge bed cleaner and loader, filter 


: cake is dumped onto a belt, which can 
] be made to discharge to a pile, directly 
E into a truck, or through a storage hop- 


per. 

Undigested filter cake has 
been discharged to an isolated dump, 
especially if heavily dosed with lime. 
However, such disposal is always a 
potential nuisance hazard, 
thetically at least. 

Data on sludge dewatered on vacuum 
filters are presented in Table IV. 
Table V gives the wet filter cake and 
dry solids in wet filter cake, expressed 
as pounds per capita per day, for 
various vacuum filter installations. It 
is obvious, from the data presented 
thus far, that the weight of filter cake 


sludge 


aes- 


TABLE VII. 


Ratio of Wash 


SLUDGE DEWATERING AND DISPOSAL 


Elutriation Data 


Alkalinity 


Location Water to 
Sludge Volume Digested 
. Sludge 
Washington, D. ¢ 1.5 3,100 
San Diego, Calif 1,000 
Hartford, Conn. 3.0 2,082 


to be handled and disposed of is much 
less than the weight of liquid sludge 
removed from sedimentation tanks and 
digestion tanks. 

The suspended solids in the filtrate 
from vacuum filters (Table VI) vary 
from 110 to about 450 p.p.m. Elutria- 
tion data for a few installations are 
shown in Table VII. 


Lagooning 


Many municipalities in this country 
utilize lagoons (5) as an emergency 
or supplementary means for disposing 
of sludge when drying beds are in- 
adequate, or when the capacities of 
existing installation of drying beds 
or other means of disposal, such as i 
vacuum filters or incinerators, have : 
been exceeded, or during temporary t 
shutdowns of equipment for repairs. 
Sizeable municipalities are reporting 
use of lagoons. The Chicago Sanitary 
District (6) reports that in 1947 over 
100,000 tons of undigested, dry solids 
from Imhoff tanks and activated sludge i 
treatment process were disposed of to d 
lagoons to supplement other means of 
disposal. The volatile content of this 
sludge was about 67.5 per cent.  La- 
goons have been used for disposal of 
undigested, activated sludge at Hous- 
ton, Tex., and are still in use for all 
the sludge produced at Indianapolis, 

Ind. Rahway, N. J., has disposed of 
undigested, primary sludge in this 
manner. A number of cities, inelud- 
ing Akron, Ohio; Baltimore, Md.; 
Battle Creek, Jackson, and Ann Arbor, 
Mich.; Dallas, Tex.; ete., have utilized 
lagoons for disposal of digested sludges. 


p.p.m Flutriate 


Elutriated | Susp. Solids Alkalinity 
Sludge p-p.m (p-p 
70 2,950 1,606 680 
1,168 
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At Dallas, lagoons holding Imhoff 

discharged to the river twice 
a year during high water. At Dayton 
Ohio, 31 per cent of the sludge was 


discharged to lagoons during 1946, At 
Toledo, Ohio, over 30,000 eu. yd. of 
sludge were discharged in 1947 to a 


sludge are 


marsh, whereas only about 11,500 cu 
vd. were put onto the drying beds 
Indianapolis 7) has 13 lagoons coy 
ering an area of 55 aeres, which 
amounts to about 6 sq. ft. of lagoon 
surface per capita; 12 of the lagoons 
remain in operation while one is being 
cleaned. The municipality furnishes 
a power shovel to load farmers’ 
trucks; farmers get this sludge free 
of charge. Most of the hauling is done 
in winter when the ground is frozen 
Primary settled and activated sludges 
are discharged to the lagoons, with 
solids content of 7.5 and 1.1 per cent, 
respectively Sludge removed from 
per 
cent and a nitrogen content of 2.5 per 
ent. The lagoon volume provided in 


lagoons has a solids content of 


various places varies anywhere from 
0.4 to 6 eu. ft. per eapita. Digested 
sludge at Baltimore compacted in the 
lagoons to 70 per cent moisture con 
tent 

l'se of lagoons for either digested 
or undigested sludges, in most cases 
has resulted in complaints due to odors 


Therefore, lagoons cannot be consid 


ered as a suitable permanent means of 


sal, except in very isolated loca 


Heat Drying and Incineration 


Many municipalities have adopted 
ither heat drving of sludge to pro 
duee fertilizer or complete incineration 
as the means of final lisposal of the 
sludge ilter cake having a moisturé 
ent of 60 to 70 per cent can bi 
burned without. or with very litth 
fuel onee eombustion is 
started: the B.t.u. value of raw sludu 


‘ course s greater than for digest 
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supplied by the digester gas, or by oil 
or coal. 

surning of sludge requires a tem- 
perature of 1,000° to 1,200° F. De- 
odorizing temperatures of at least 
1,100° F. are required for odor control 
in eritical locations Drying takes 
place at a temperature of 700° F., 
which is considered high enough to kill 
bacteria, even in undigested sludge 

Drver-incinerators have been gen 
erally used where it was found desir 
able only to dry sludge, or to burn it 
or dry it at will. Multiple-hearth in 
cinerators are to be installed at To- 
ronto, Ont., suitable for either burning 
or drying of sludge filter cake. Mil- 
waukee, Wis., dries sludge with rotary 
dryers. Although early experience in 
drying sludge was with rotary dryers, 
very few have been installed for that 
purpose in recent years 

A spray dryer has been in opera- 
tion at Plainfield, N. J. (8), for a 
number of years; experimentation with 
the method of distributing the sludge 
through the drying tower is still going 
on. The spray dryer has been used 
mn liquid sludge and on filter cake. 

Stamford, Conn. (9), utilizes stack 


gases from the refuse incinerator to 
pre-dry the sludge filter cake from 
primary digested sludge. The sludge 
is pre-dried to a moisture content of 
about 6 to 10 per cent, in which con- 
dition it can be sold as fertilizer or 
burned in the refuse incinerator 

It appears that sludge produeed by 
chemical pre cipitation, or by complete 
treatment, has too high a water con 
tent for direet burning with refuse 
without first pre drying 

Several manufacturers have advo 
cated a mechanically stoked refuse in 
cinerator constructed with an auxili 
ary sludge drying hearth. Such a unit 
has been in operation at the Lederle 
Laboratories in Pearl River, N. J., for 
burning rubbish, sewage sludge, and 
spent media from laboratory processes. 
With adequat control of hot and cold 


vases, the two-hearth unit should be 


if 
4 
: 
a 
“tS 
trons 
: 
: 
3 
3 
slider drving of sludge re 
ae quires auxiliary fuel, which can be | 
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suited for burning a combination of 
sludge and garbage, but it has not 
been demonstrated whether dry sludge 
can be taken off for disposal other than 
burning. 

Gas from digesters ean be best uti- 
lized as auxiliary fuel for drying di- 
gested sludge, whereas if the sludge is 
incinerated, the digester gas can be 
utilized for power production or for 
other uses in the plant. At present 
there is a demand for organic ferti- 
lizers; dried sewage sludge can be sold 
at a good price, thus making it worth- 
while to utilize the gas for drying 
sludge to make fertilizer. 

Heat dried, undigested sludge has 
a higher fertilizer value and is, there- 
fore, more valuable for this purpose 
than digested sludge. Due to the fact 
that the capital investment is high for 
providing digestion space for activated 
sludge, which has a high nitrogen con- 
tent when undigested, economics at the 
present time favor heat drying in un- 
digested form to produce fertilizer. 

The price of heat dried activated 
sludge has been as high as $28.00 per 
ton, is currently around $18.00 to 
$20.00 per ton, and is not expected 
to go much lower than $12.00 per ton. 
At prices below $12.00 per ton, it 
would be more economical to burn the 
sludge than to dry it for fertilizer. 

Houston, Tex. (10), and Los An- 
veles, Calif., are typical examples of 
the larger cities that have recently 
adopted heat drying of activated 
sludge to produce fertilizer. The plans 
for the proposed treatment plants at 
Harrisburg, Seranton, Bradford, and 
Bloomsburg, Pa., provide for either 
drying the sludge to produce ferti- 
lizer, or completely burning it. 

The sludge produced at Harrisburg 
will be primary settled and digested, 
but flexibility will make it possible to 
dry or to incinerate undigested sludge. 
The sludge produced at Bloomsburg 
will be from chemical precipitation 
of sewage, which includes large 
amount of industrial wastes. This un- 
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digested sludge will be dewatered on 
vacuum filters and burned with refuse 
consisting of rubbish and garbage. 
Undigested sludge from partial acti- 
vated sludge treatment will be burned 
with refuse in the proposed Bradford 
plant. The incinerator-dryer at Seran- 
ton will operate on undigested, acti- 
vated sludge, using coal as auxiliary 
fuel. 

Pertinent data on heat drying of 
sludge are shown in Table VITTa. The 
Sanitary District of Chicago heat dries 
undigested activated sludge at the 
Calumet and Southwest plants to pro- 
duce fertilizer. The moisture content 
of the filter cake at Calumet averages 
82 per cent; at the Southwest plant, 
83.9 per cent. The sludge is dried to 
a moisture content of about 5 to 6 per 
cent. Primary settled and digested 
sludge is heat dried at Battle Creek, 
Mich.; Sheboygan, Wis.; and Stam- 
ford, Conn. The filter cake ranges 
from 65 to 80 per cent in moisture 
content, and the sludge produced 
ranges from 6 to 11 per cent in mois- 
ture content. Undigested, settled, ac- 
tivated sludge is heat dried at Tenafly, 
N. J. (Figure 2), and either sold as 
fertilizer or incinerated with refuse. 
The filter cake has a moisture content 
of 85 per cent, and the heat dried 
sludge a moisture content of 15 per 
cent. In the plants referred to above, 
flash dryers are utilized for drying 
the sludge and the sludge furnaces for 
incineration, except at Tenafly and 
Stamford, where incineration takes 
place in a refuse incinerator (Fig- 
ure 2). 

Activated sludge is digested with 
ground garbage at Lansing, Mich. 
(11). The digested sludge is dewa- 
tered on vacuum filters and burned 
in a multiple-hearth incinerator. An 
endeavor also has been made to dry 
the sludge in this type of incinerator ; 
the data shown for July, 1947, are 
typical for this operation. Sludge can 
be dried to a moisture content of about 
25 per cent. Efforts to dry the sludge 
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water content have 
resulted in ignition and burning of the 
sludge As no made for 
dried sludge, the moisture content of 


10 per cent 
charge is 


the final product is of no particular 
concern in this case 

At Grand 
taken off the drying 


Mich., sludge 


beds is passed 


Rapids, 


through a grinder and a rotating drum 
dryer and is placed in 100-lb. bags for 
sale as ‘‘Rapid Gro’’ fertilizer. 

Data pertaining to sludge disposal 
by incineration are presented in Table 
VIIIlb. Most of the 
utilized for burning either primary 
settled sludge 
either 
vated 


incinerators are 


or digested sludge from 
sedimentation or acti- 
Dearborn and Wayne 
Mich., Wyandotte plant burn 
part settled and part chemically pre- 
cipitated sludge, both undigested. The 


primary 
sludge. 


County, 


Cuyahoga Falls, Ohio, plant burns acti- 
vated sludge. All of these sludges, of 
dewatered on vacuum fil- 
ters before burning (Figure 3). 


eourse are 
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In the multiple-hearth furnaces, the 
wet filter introduced at the 
top hearth rabble 
arms, 1s moved to each successive next 
lower hearth. Combustion takes place 
in the third or fourth hearth from the 
from the 


cake is 


and, by means of 


top; ash is removed lowest 
hearth. The multiple-hearth ineiner- 
ator has apparently been more widely 
used for complete burning of sludge 


than the flash dryer type. 


In the flash dryer type, sludge is 


with the hot 
turned from the combustion chamber, 
then the pre-dried 
burned in the combustion chamber of 
the incinerator. A portion of the dried 
material has to be returned to the 
filter cake so that the wet filter cake 
properly handled in the flash 


first pre-dried gases re- 


and sludge is 


can be 
dryer. 

The larger installations operate the 
incinerators on a 24-hr. basis, or else 
keep the furnace hot with standby 
fuel. The smaller installations are 


FIGURE 2.—Flash drying equipment and refuse incinerator at Tenafly, N. J. 
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FIGURE 3.—Vacuum filter and multiple-hearth incinerator equipment at Westerly plant, 
Cleveland, Ohio. 


operated intermittently, as needed, 
during 6 to 8 hr. per day and, in some 
are allowed to cool down be- 
tween burning operations. 

The amount of auxiliary fuel used 
varies with the character of the sludge, 
the mode of operation, and the type 
of incinerator. 

A multiple-hearth furnace was oper- 
ated at Piqua, Ohio (12), in an en- 
deavor to burn liquid sludge without 
first dewatering it on a vacuum filter. 
Data for this type of operation are pre- 
in Table VIIIb. The tons of 
water evaporated per ton of combus- 
tible amounted to 8.2. This 
was much higher than usually results 
in the burning of vacuum filter sludge 
The amount of auxiliary fuel 
required was excessive, 88 gal. being 
required per ton of dry solids, and 
12.2 gal. per ton of liquid sludge. 
Under normal conditions sludge prob- 
ably can be more economically dis- 
posed of by dewatering on vacuum 
filters and burning the sludge filter 
cake, especially where it is not possible 
to concentrate the sludge to the extent 
accomplished at Piqua. 


cases, 


sented 


solids 


cake. 


Drying and Incineration 
Temperatures 


Temperatures in the various hearths 
of a multiple-hearth furnace, as re- 
ported for the Cleveland Westerly 
plant in the incineration of sludge cake, 
and at Piqua, Ohio, in burning liquid 
sludge, are shown in Table IX. Oper- 
ating temperatures prevailing in Ray- 
mond system dryers and incinerators 
for various installations are shown in 


Table X. 


TABLE IX.--Incineration Temperatures, 


in Degrees F. 


P Ohio® 
| Cleveland, 


j Ohio 
| Westerly! 
| Starting Norm. Oper. 
Materia! burned Sl. eake |Liquid «i Liquid sl 


Hearth No. 1 870 ) | 750 toe 1,030 


Hearth No. 2 } 1,120 | v0 970 to 1,200 
Hearth No. 3 |} 1,270 1,180 1,150 to 1,350 
Hearth No. 4 ; 1,210 1,400 | 1,500 to 1,680 
Hearth No. 6 | 510 | 490 950 to 1,300 
Preheater inlet 320 | 
Preheater outlet | 680 | 
Cooling air, top of | | 

shaft | 410 300 440 to 520 


1 1947 annual report. 
21948 data by letter. 
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TABLE X.—-Operating Temperatures and Deodorizing Equipment, 
Raymond System Dryer Incinerators ' 


lemperature 


(‘age mill milet 
(Cyclone discharge 
(Combustion air 


Stack 


Deodorizing equipment 
Installed 

rature (°F.) 
Fuel used, oil (gal.) 

Preheater used 


Tempe 


Oper ition (% of ¢ 


Data by letter, 
* Used 20 per cent of time 


Information pertaining to the use of 
deodorizing equipment is also shown in 
Table X, as well as the per cent of de 

at which the various in 
are 


the 


installations oper 
that high 


temperatures maintained during oper 


ated Is reported 


ation at Piqua are for eliminating 


odors in 


the burning of liquid sludge 


Auxiliary fuel required and tempera 
tures in drying and incineration units 
are affected by the extent of deodoriza 
tion, and whether deodorization 


complished with or without 


heater 


B.t.u. and Volatile Content 


t value and volatile 


eon 
at several installations 


Table 


TABLE XI.--Heat Value and Volatile 
Content of Sludge 


Duluth 
Minn 


225-275 


1,200 
230 
150 
100 


1,000 
250 
340 
$30 


Cases to No Yes 


Crases to 
garbage 


garbage 
in¢cin 
Yes 


165 6 60 107 


Incinerator Ash Disposal 


Ash is disposed of as fill in most 
At Cuyahoga Falls, Ohio; Du 
Minn Springfield, Mass., 
it is pumped hydraulically to fill. At 
Neenah-Menasha, Wis., it is 
fill. The ash at 
Detroit amounts to 
capita 


Cases 
luth, and 
trucked 
Minneapolis 
0.07 Ib. per 
Buffalo, 0.053. Ib. 
per capita per day. Duluth reports the 
weight of ash as 45 lb. per cu. ft. 


dry to 
and 


per day; at 


Disposal of Filter Cake 


Digested sludge, dewatered on 
Can be disposed of 
for fill in 


divested 


vacuum filters, 


without nuisance the same 


taken off 
used for 


manner as sludge 
the drying beds, or 
fertilizer. Washington, D. C. (13), in 
1947, shipped to the Department of 
Correction at Lorton, Va., in freight 
22000 tons of digested 
sludge filter cake having a solids con 
tent of per cent. This was 
92.4 per the total sludge fil 
ter cake production of the plant. The 
sludge was applied to the soil or stored 
for 


may be 


‘ars, about 
about 28 


cent of 


future use. It is reported, how 
ever, that this sludge has not replaced 
the fertilizer. The remainder 
of the sludge was hauled by farmers 


in trucks for Wse 4S soil dressing 


tse of 


yahog San Neena Sheb. neg | 
Falls Diego, | Menasha gan field. 

(°F.) 
1,200 | 1,000) 1,200 1,800 720 

300 250 975 975 275 | 
100-200 180 
550 100 500 160 
= we Yes Yes Yes : 
Pee) No Yes Yes 
cap.) 106 125 100 
if 
— 

| 

Ihe B 
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Hartford, Conn. (14), disposes of 
its digested sludge filter cake in a 
dump, which has caused no particular 
trouble. Sludge is carried to the 
dump in cars operating on a narrow 
gage railroad. The amount of filter 
cake produced at Hartford is about 
0.5 cu. ft. per capita per day. 

About 8 tons of raw sludge filter 
cake has been disposed of as fertilizer 
at the Minneapolis-St. Paul Sanitary 
District. This amounts to somewhat 
less than 2.5 per cent of the plant's 
filter cake production. 

Undigested sludge filter cake re- 
moved from the chemical precipitation 
and settling of sludge at Perth Amboy, 
N. J., has been disposed of in a dump. 
Similar sludge disposed of at Dear- 
born, Mich., before the incinerator was 
installed gave trouble due to odors 
when storm drainage leached out the 
lime. 


Disposal by Digestion with Garbage 


Ground garbage is added to the di- 
gesters at Lansing, Mich., and Marion. 
Ind. (18). In both places, sewage 
treatment consists of primary settling. 
activated sludge, and final settling. 
Cheese whey is also added directly to 
the digester at Marion. 

Data pertaining to the addition of 
garbage to the digester are shown in 
Table XII. Normally, about 5 cu. ft. 
per capita of digestion space is re- 
quired for complete treatment by the 


TABLE XII.—-Disposal of Sludge by 
Digestion with Garbage 


Lansing, | Marion, 


Mich. Ind.’ 

Year 1946 | 1048 

Garbage, wet (ib./cap./day 0.75 0.230 
Dry solids in wet garbage 

b./cap./day O.15 0.035 


Dry org. sol. in wet garbage 


b.jcap./day 0.135 0.033 
Dry org. sol. in sewage (Ib./cap./day | 0.27 0.16 
Solids in green garbage (; | 20 is 
Volatile in garbage (‘;) | 90 vl 


' Whey also added with garbage; average dry 
solids content 0.0084 and volatile dry solids 
0.0075 lb. per capita per day. 


SLUDGE DEWATERING AND DISPOSAL Uso 


activated sludge process. When the 
garbage is added to the digester the 
space requirement for digestion is in- 
dicated to be from 9 to 10 eu. ft. per 
capita for complete digestion. 

A number of municipalities add 
ground garbage to raw sewage. Ex- 
cept for increasing the solids to be 
handled, no basic processes for slidge 
disposal are affected (16). 


Disposal of Liquid Sludge 


Liquid digested sludge is disposed 
of at Marion, Ind., by conveying it 
with tank trucks and spreading it on 
lanl (17). In 1948, over 5 mg. of 
sludge having a solids content of 4.2 
per cent and volatile content of 49.7 
per cent was disposed of in this man- 
ner. About 75 per cent of the sludge 
was handled in a 1,500-gal. tank truck ; 
the remainder, in a smaller truck. The 
average kaul is caleulated to be about 
40 mi. Based on figures given for the 
cost of hauling with the 1,500-gal. 
truck, it appears that the cost of dis- 
posal amounts to $7.20 per 1,000 gal., 
or about $4.55 per ton of dry solids. 
The revenue derived from the sale of 
liquid slidge amounted to about 
$1,400. 

New York City operates and main- 
tains boats to haul liquid digested 
sludge to sea as a means of disposal. 
This method also is utilized by other 
coastal cities and, in some cases, un- 
digested sludge is taken out to sea for 
disposal. At Elizabeth, N. J., undi- 
gested, primary settled sludge is con- 
centrated by storage before such sea 
disposal (18). 


Incineration of Filter Cake with 
Garbage and Rubbish 


Primary settled sludge, undigested, 
is dewatered on vacuum filters and 
burned in an incinerator with garbage 
and rubbish at Frederick, Md. (22). 
The filter cake has a moisture content 
of about 70 per cent; the ratio of wet 
garbage and rubbish to wet filter cake 
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is 2.9to 1. In order to burn the sludge 
with refuse successfully, it has to be 
proportioned manually so that the 
proper ratios of refuse and sludge filter 
cake are maintained for satisfactory 
incineration. The ratio of wet garbage 
and rubbish to dry solids and wet fil 
ter cake is about 10 to 1 The ash 
produced from the burning of sludge 
and garbage amounts to 0.13 lb. per 
Data pertaining to 
the burning of sludge filter cake with 
garbage and rubbish (Table XIII 
show the results obtained in Frederick, 
and for two proposed in installations 


capita per day 


where the sludge is to be pre-dried 
Disposal of sludge by burning or 
drying in combination with the incin 
eration of refuse consisting of rubbish 
and garbage is a method being adopted 
quite generally. The burning of refuse 
provides enough heat for incineration 
of filter cake from primary undigested 
sludge without the use of appreciable 
amounts of fuel. Due to the high ratio 
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of water in filter cake from undigested, 
chemically precipitated sludge or acti- 
vated sludge to refuse, it is necessary 
to pre-dry such sludge before burning 
with refuse. 

Digested sludges having a high ratio 
of water to be evaporated to their vola- 
tile contents probably also would have 
to be pre-dried before they could be 
burned with refuse. 


Analyses of Sludge 


Moisture, volatile, and other ingredi- 
ents of various sludges, as well as 
fertilizing values for various installa- 
tions, are shown in Table XIV. Data 
on sludge from sand beds, vacuum 
filters, heat dried, are presented. It is 
of interest to note that in the filter 
cake dumped at Hartford, Conn., over 
a period of years the volatile solids 
content, ranging from 48 to 70 per 
cent, was reduced to about 36 per cent. 
The moisture content was reduced from 
66.2 per cent to 42 per cent. The 


TABLE XIII.— Incineration of Filter Cake with Garbage and Rubbish 


Bloomsburg, Pa.' 


Frederick Bradford 
Pa 


Md 
Canneries Canneries Not 
Operating Operating® 


1048 
l'ype of sludge Prim. settled | Activated | Chem. prec. | Chem. prec. 
Pre-drying No Yes Yes Yes 
Garbage and rubbish, wet (tons/yr.) 1,914 11,100 850 4,150 
(ib./cap./day) 1.5 2.53 2.11 2.11 
Sludge, wet (tons/yr.) 1,698 5,600 475 1,825 
(ib cap day) 0.52 1.28 1.18 0.93 
Drv solids (tons/yr.) 501 1,020 141 550 
(ib. /eap./day) 0.16 0.23 0.35 0.28 
Water evap, (tons/yr.) 1,100 4,580 332 1,275 
ib. /eap./day) 0.36 1.05 0.83 0.65 
Water in filter cake (%) 70 82 70 70 
Vol. in dry solids (%) 67 67 67 
Ratio (weight), wet rubbish and garbage 
to 
Wet filter cake 2.0 2.0 1.8 2.3 
Water in filter cake 4.1 2.4 2.6 3.2 
Drv sol. in filter cake Os 10 6.0 7.6 
Water evap. from sludge (tons/ton comb.) 6.7 3.5 0.0 
Ash produced (tons, yr $28 
(Ib. /eap./day) 0.13 


Design basis of proposed installations 
+2 months 


months 
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TABLE XV.—Analyses of Sludges 


Lime, as CaO Sulfates 


Cleveland, Ohio, Southerly 
Drying beds 
Vacuum filters 

Grand Rapids, Mich 


Hartford, Conn 0.4 to 1.2? 


' Lime 


7 As Fe 


other constituents remained practi of $18,117.60 for the 1947-48 year 
cally the same, but the potash content Grand Rapids (20) disintegrates the 
was less in the material from the dump sludge dried on sand beds, and after 
Further analyses of some of the in final heat drying sells it for fertilizer 
stallations are shown in Table XV. A total revenue of $7,737 was derived 

from the sale of sludge in 1947 
Sludge Sold or Prepared for Fertilizer 


Data pertaining to sludge sold or Conclusions 


prepared for fertilizer in various Sufficient experience is available to 
municipalities are shown in Table — indicate that nearly all types of sludges 
XVI. Information is also included on can be dewatered, dried, or inciner 
the price per ton received for sludge ated mechanically. Sanitarians no 
sold as fertilizer and total revenne doubt will agree that complete inein 
where information is available eration, resulting in an inert ash, af- 

Dayton Ohio, re ports gross revenue fords the most satisfactory solution of 
of $10,441.91, with a profit of $6,410.59, a very difficult problem However, 
from the sale of sludge for fertilizer because of the present great demand 
in 1946; San Diego derived a revenue — for organic fertilizers and organie hu 


TABLE XVI.~ Sludge Sold or Prepared for Fertilizer 


Unit 
Weight | Price Total 
Ib 


How Dried Revenue 
$ ton 


cu. ft 


Battle Creek Set., 25 Flash dryer | 36.4 (14 to 20 
Sheboygan Set., 5 Flash dryer 46.0 5.50 
Stamford, Cons Set., 2! Flash dryer | 30.0 5.35 
San Diego, Calif Set., H Flash dryer 20 
Duluth, Minn Set., 21% < Flash dryer 12 
Poledo, Ohio Set., Drying beds 9,525? 
Washington, D. ¢ Set., 

vac 21,7 2.< Vac. filter None None 
Chicago, (Calumet) 1947 | Set., : Flash dryer 
Chicago, UL. (Southwest) | 1947) Set., ac 23 5 | Flash dryer 
Tenafly, N. J 1948 Set i ‘ Flash dryer 30 to 40 
Marion, Ind Act., dig 5,246 5 Liquid 1,385° 


Annual report 
? Fertilizer processing cost $2.99 to $4.31 per ton 
*Ground garbage digested with sludge 
‘ Thousands of gallons 
* Digested liquid sludge trucked for disposal on farm land; some sold 
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mus, it seems wrong to destroy such 
organic material. The combination 
permitting drying or _ incineration 
offers the answer which meets many 
situations. Organie matter is con- 
served by drving only when the de- 
mand exists; the sludge can be inecin- 
. erated when there is no demand for 

sewage sludge fertilizer, or when eco- 

nomics are adverse to its conservation. 

Dewatering of undigested sludge, al- 
though it can be done, only solves the 
problem partially. The water is re- 
moved, but putrescible organic matter 
still remains. Dewatering of digested 
sludge on vacuum filters provides as 
good a solution as drying on beds, and 
sludge can be disposed of in the same 
manner as bed dried sludge. The 
vacuum filter method minimizes the 
manual problem in handling and tak- 
ing sludge off the beds, which is quite 
material for large cities. 

Lagooning of sludge is a temporary 
expedient. It is believed that most 
engineers will agree that, except in 
unusual situations, it cannot be con- 
sidered as a permanent means of sludge 
disposal. At best, it can serve only 
until other means are provided. 

Disposal of sludge at sea has thus 
far been acceptable, even for as large 
a city as New York. Restrictions may 
be placed on this type of disposal in 
the future, requiring barging of sludge 
to greater distances. When the dis- 
tance which sludge must be hauled be- 
comes sufficiently great, economics will 
lead to mechanical dewatering and in- 
ecineration of sludge. at least for the 
larger cities. 
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DISCUSSION 


Vacuum and Cord Filtration 


By Pavt 


Vanager, Filtration Divisio 


Vacuum Filters 


As Mr. Zack has pointed out, there 
has been a definite increase in the num 
ber of communities being served by 
vacuum filters for sewage sludge de 
watering, Many engineers have felt 
that the use of vacuum filters for the 
handling of sewage sludge should be 
restricted to communities of 25,000 or 
more people. Originally, because of 
the limited knowledge that was avail 
able on the use and operating cost of 
vacuum filters, this was true. How 
ever, the tendency is toward vacuum 
filtration in communities having popu 
lations of 7,000 and over. The prob 
lem in developing vacuum filtration 
equipment for the smaller communi 
ties Was one reducing the initial cost 
and pre viding the operator with equip 
ment that would not require his com 
plete attention 

This problem brought about the de 
sign and development of the so-called 
package-type filter units, providing 


O. 


. The Eimeo ¢ orp., Chicago, Til. 


areas of 12 to 100 sq. ft. Essentially, 
the package unit is the same as any 
conventional installation, having for 
its basis the filter, vacuum pump, fil- 
trate pump, and the necessary chemi- 
cal feeders and conditioning tank. 
These items, together with all of the 
automatic control equipment, the in- 
terconnecting piping, electrical 
starter equipment, have been grouped 
on a single structural steel platform 
so that the unit can be delivered to a 
job site without the necessity of mak- 
ing individual installations of each 
unit of equipment. Twelve of these 
package-type units are in successful 
operation, Reports from the field 
indicate that they are doing as well as 
their larger counterparts in communi- 
ties of 50,000 and over. 

The city of Detroit Lakes, Minn., has 
had a unit of this type in operation 
for approximately six years. Repairs 
to date have included the replacement 
of a ferric chloride feeder and the re- 
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placement of a vibrator on the lime 
feeder. This, of course, is in addition 
to the normal replacement of cloths 
and wire winding. The filter rate ob- 
tained on this unit with digested 
sludge averages about 7.5 to 8 Ib. of 
dry weight sludge per square foot per 
hour. The chemical demand of the 
sludge averages about 1.7 per cent 
ferric chloride and about 7 per cent of 
hydrated lime, on a dry solids basis. 

All of the four basic types of sludge 
produced by sewage treatment plants 
—activated, digested, raw, and chemi- 
cally precipitated—can success- 
fully handled on a vacuum filter; all, 
except activated sludge, give up their 
water readily after the addition of 
certain chemicals. Because of the 
high cost of these chemicals, consider- 
able study has been devoted to devel- 
opment of alternate chemicals for 
sludge conditioning. Some communi- 
ties have used alum, ferric sulfate, and 
ferrous sulfate, but without any 
marked degree of success; the costs of 
conditioning were about the same and 
the results were not too satisfactory. 

An attempt also has been made to 
set up a basis of comparison between 
the original cost of sludge beds and 
vacuum filters, and also of the operat- 
ing costs of each. Although it is com- 
paratively easy to obtain a definite 
cost record of vacuum filter operation, 
it has been difficult to obtain definite 
cost figures of installing and operating 
sludge beds, either of the open or the 
glass covered type. This is due pri- 
marily to the fact that, whereas the 
cost of building a sludge bed is defi- 
nite, the cost of operation is rather 
flexible, as most communities use help 
available in other departments. There- 
fore, in many cases the cost of labor 
for removing sludge from the beds has 
not been charged against sludge bed 
operation 

Disposal of the sludge and clarifica- 
tion of the liquid returning to the 
stream constitute the main purpose of 
a sewage treatment plant. Therefore, 
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vacuum filtration plus drying for fer- 
tilizer, incineration for complete dis- 
posal, or the use of filter cake for fill 
represents the best method of complete 
sludge disposal. 


Cord Filters 


Considerable development work has 
been done on the installation of the 
cord filter media on one of the filters 
operating at the Perth Amboy, N. J., 
plant. It is interesting to note that 
of the two filters operating at this 
plant—one with the cord attachment 
and one with the standard cloth cover 
—the cord filter constantly gives bet- 
ter operation, except when the stand- 
ard unit is provided with a brand new 
filter cloth. On the cord filter, filtra- 
tion takes place between the edges of 
the cord and not through the cord 
itself, as might be expected. In other 
words, the material used in the cord is 
not the critical item. However, the 
diameter of the cord is very important 
in obtaining the best filtrate clarity. 
Although there have been many claims 
made for filters of various types, it is 
believed that the cord filter provides a 
very excellent and economical attach- 
ment to any drum filter. 

For some years Duluth, Minn., has 
operated two vacuum filters (8 ft. 
diameter by 10 ft. long) handling di- 
vested sludge with the addition of 1.28 
per cent ferric chloride and 9.79 per 
cent lime, figured on a dry solids basis. 
The average filter cake moisture was 
75.07 per cent and the daily average 
production of filter cake was 6,386 Ib. 
of dry solids. 

Including cost for power, all of the 
operating costs incidental to filter 
operation, and the cost of chemicals, 
the charges for dewatering 1,000 lb. of 
dry solids was $1.56, or $3.12 per dry 
weight ton of sludge. The Duluth 
records indicate that during 1948 the 
vacuum filter equipment produced 
1,950 tons of wet filter cake having a 
moisture content of 75.07 per cent. 
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This amounted to 489.6 tons of dry 
which required 6.25 
ferric chloride and 47.6 


sludge 


weight 
of 


tons tons 


Heat 


By 


ROBERT 


Vechanical Enaineer, Flash 


New } 
There are 18 heat drying sludge in 


stallations now operating or under 


construction in 14 eities in this coun 


try, most of them also equipped to in 
cinerate in case the need should ever 
Hlowever, the latter facility has 
been used so seldom that several larg 


arise 


cities are planning to dispense with it 
Until the end of the last heat 


drving 


war 
as a means of sludge disposal 
accounted for about 52 per cent of the 
total installed of all 
plants using either heat drying or im 
then 
more 


design capacity 


cineration. Since heat drving 


has accounted for than 87 per 


cent of all postwar capacity installed 


or on order In the short space o 
three vears, it has become the pre 
ferred method for sludge disposal 

Total tonnage sold in 1948 from all 
plants was about 126,000 dry tons 
This represents the disposal of some 
50,000 tons of filter cake. When th 
large Los: Angeles and Houston plants 
vo into operation, there will be a con 
siderable increase in these totals 

fhe market price for heat dried 
sludge in 1948 varied from $5.35) to 
£40.00 per ton. Price depends on such 
factors as the type of sludge, the lo 
ation of the treatment plant, market 
conditions, and the facilities available 


Dryer Div., Co 
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of hydrated lime. The filter cake pro- 
duced 215.3 tons of fertilizer, the re- 
mainder being disposed of by burning 


Drying 


NICKERSON _ 


mbhustion kaqgineer 


N. 2 


ig-Supe rheater, 1 


for bagging and bulk shipments. Di 
sold as ¥20.00 
1948, and activated sludge 
as high as $40.00 per ton. 


vested sludge as high 
per ton in 
Among the 
advantages of heat drying as a method 
ot 


therefrom, lower first cost for equip 


disposal are the revenue derived 


ment, elimination of the ash disposal 
problem, and better public relations 
There 
volved, inasmuch as the material is re 
turned to the land 

Although the price of dried sludge 


IS also some conservation in 


is usually determined by its nitrogen 
and phosphoric acid content, there is 
held belief that 
the most valuable 
This fact probably accounts for 
for heat 
the West 
As soil depletion 
the 


more severe, the pric 


a widely its humus 


content ingredi 
ent 


the price of S?0.00 per 


Is 


ton 
digested sludge 


1948 
ot 


dried on 


Coast in 


other 


ith 


parts country becomes 
of 


begin to reflect the true value of th 


sludge 


humus content 
Heat dried 


ried has been found 
safe to tse 


sludge 


Any doubt on this point 


may be resolved by reference to the 
Federation’s Manual of Practice No 
»” “T'tilization of Sewage Sludge as 
Fertilizer.”’ 
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The Wards Island sewage treatment 
plant is still one of the major activated 
sludge plants of the world. It was 
placed in operation in October, 1937, 
and had a design capacity of 180 m.g.d. 


In 1938 the average flow was 169 
mg.d. Subsequently, the tributary 


area was enlarged; with population 
vrowth and inereased water consump- 
tion, flows reaching the plant mounted 
rapidly. In 1947 the average flow was 
m.gal.; the average for the maxi- 
mum month was 250 m.g.d. This 
heavy overload resulted in impaired 
operating results. 

From experiences with a new type 
of final settling tank at Bowery Bay, 
and with the possibilities of step aera- 
tion (as demonstrated at Bowery Bay, 
Tallmans Island, and elsewhere), it 
was felt that much more effective uti- 
lization of existing capacities could be 
made at the Wards Island plant. The 
purpose of this paper is to outline the 
changes made in applying these new 
principles and to indicate in a_ pre 
liminary way some of the improved 
results that have been secured. 

The implication that improvements 
were possible is in no sense a criticism 
of the original design. 
this 


The basis of 


design was established over 20 
years ago, vet it was so sound as still 
to be im compliance with most State 
Board of Health requirements, and 
may even have been a major element 
in fixing such requirements. Typical 
elements are: 
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WARDS ISLAND PLANT CAPACITY INCREASED BY 
STRUCTURAL CHANGES * 


By Ricwarp H. 


Director, Division of Sewage Disposal, Dept. of Public Works, New York City, N.Y. 
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1. Primary tanks—1-hr. detention at 
average rate. 

2. Aeration tanks—5.25-hr. deten- 
tion, with one tank out of service, at 
average rate plus 25 per cent return 
sludge. 

3. Final tanks—1,000 g.p.d. per 
sq. ft. at 125 per cent of average flow, 
with 2 tanks out of service. 


The plant layout and detailed devel- 
opment of the design is good. The 
plant has given excellent results and 
service with flows substantially above 
its design capacity. The original de- 
signers deserve full credit for a job 
well done. 
Final Tanks 

In studying ways and means of cor- 
recting for conditions of overload at 
Wards Island, it was apparent that 
the best chance for improvement was 
in the final tanks. Site restrictions 
and hydraulic limitations precluded 
the possibility of building additional 
tanks to receive flow from the existing 
aeration tanks. 

There were 32 final tanks divided 
umong 4 batteries. Each is 179 ft. 
long by 42.5 ft. wide. Aeration tank 
effluent was fed from a center conduit 
at the top through 6 gates. The efflu- 
ent passed over weirs at both ends. 
Sludge was withdrawn from a hopper 
at the center of the tank, being scraped 
thereto by the conventional 
flight and chain mechanism. 


wooden 


Original Current Pattern 
Observations of these tanks in opera 

tion, by float tests and otherwise, made 

it clear that aeration tank effluent, on 
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entering the tank at the center, would 
plunge to the bottom and flow along 
the tank bottom to the effluent ends, 


at velocities up to 6 ft. or more per 
min., impinge against the far wall, rise 
vertically, and return along the sur- 
face to the These 
undoubtedly due to 


center currents 
were 
density of the liquid earrying sludge 
as compared to the liquid in the tank 
after the sludge had settled out of sus 


the greater 


pension 
As a result of this 
there was a tendency for the current 
rising under the effluent weirs to carry 
lighter of the 
activated floe with it and impair the 
effluent. This was particularly true 
under high flows and with sludge of 
poor settling quality. A further con- 
sideration was that the bottom density 
currents were carrying sludge and de- 
positing it along the tank bottom at a 
rate much faster than it could be re 
collector mechanism. 
This resulted in blanket depths of 2 
ft. or and it was felt that this 
long detention under anaerobic condi- 
tions would have an adverse effect on 


phenomenon 


some of the elements 


moved by the 


more 


characteristics of the 
demand for 


the settling 


sludge and increase its 


oxygen in the aeration tank. 


Tank Alterations 


Alterations to correct these condi 


fions proved to be relatively simple 
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Figure 1) and from present indica- 
tions appear to be quite effective. It 
was possible to construct a reasonably 
adequate aerated distribution chan- 
nel between the operating gallery and 
the final settling tanks. The pipe- 
lines carrying aeration tank effluent to 
the center of the final tanks were cut 
and diverted through a vertical riser 
to the distribution channel. 
Three new inlet ports were cut through 
the adjacent end wall of each final 
settling tank from the distribution 
channel and provided with 24-in. slide 
The effluent for- 


merly consisted of troughs 


new 


weirs, which 
two iron 
at each end of the tank and were in 
bad condition, were replaced with new 
conerete structures. At the far 
of the tank there was constructed a 
concrete trough with plain iron weir 
plates on back and front. The weirs 
on the near side (new inlet end) were 
replaced with a conerete trough with 
a single iron weir plate on the tank 
side. It was provided with a wooden 
baffle that extended downward to a 
point just above the flight chains of 
the collector mechanism (see Figure 
1). Thus, there was formed behind 
this weir structure a stilling chamber 
for the incoming aeration tank efflu- 
ent. The rather substantial velocity 
of the incoming flow was deflected up- 
ward by an inclined baffle, which pro- 


gates. 


end 
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duced sufficient turbulence at the sur- 
face to prevent scum formation in the 
stilling chamber and tended to dissi- 
pate much of the energy of the in- 
coming flow. 


New Distribution Channels 


Air for the new distribution channel 
was readily secured from a line under 
lowered pressure that was also used 
for the existing return sludge channel. 
Three of the channels were provided 
with ceramic diffusion tubes and the 
fourth with ‘‘Precision’’ tubes of 
seran. The distribution channels pro- 
vide for extra flexibility in plant oper- 
ation. Formerly, an aeration tank 
fed 2 final tanks. Now, an aeration 
tank or final tank can be out of service 
without affecting the utility of the re- 
maining facilities. It was not neces- 
sary to make any changes in the col- 
lector mechanisms or in the facilities 
for removing sludge from the tanks. 


Altered Current Pattern 


The incoming flow now passes under 
the baffle from the stilling chamber 
and flows rapidly along the tank bot- 
tom to the existing sludge sump that 
extends across the center of the tank. 
By the time this sump is reached, the 
sludge blanket is consolidated to a 
depth of only a few inches above the 
depth of the flights of the collecting 
mechanism. Very little of the sludge 
overrides the sump; practically none 
of it appears on the far side. The 
speed of travel of the sludge is indi- 
cated by the fact that dye placed in 
the tank influent appears with the 
sludge in the operating gallery in 15 
min. 

Under normal conditions the typieal 
density current phenomenon appears 
in the inlet half of the tank. The 
dense currents carrying sludge flow 


along the bottom to the center and the 
clear liquid with the sludge separated 
out returns at the surface to the inlet 
end. On the far side of the tank, 
density currents due to sludge are not 


in evidence. As most of the sludge 
has been removed in the first half of 
the tank, the flow distribution in the 
remainder of the tank follows the fa- 
miliar pattern typical of more uni- 
formly suspended materials, such as 
is found in primary settling tanks. 


Effect of Chlorides 


At Wards Island there has been 
found an abnormal condition, which is 
believed to be peculiar to seaboard 
cities. In New York, sewage is inter- 
cepted from trunk sewers at a point 
below tide level. Tidal water is kept 
out of the interceptors by means of 
some 66 tide gates. Leakage past 
these gates is greater at high tide than 
at low tide. This results in a fluetuat- 
ing chloride content of the sewage, a 
differential in the magnitude of 300 
p.p.m. having been observed. 

It originally was contemplated that 
‘4 of the flow would be taken over 
effluent weirs at the inlet end of the 
tank and %% over the weirs at the far 
end. It was observed, however, that 
when chlorides in the incoming sewage 
were decreasing there was a tendency 
for this lighter liquid to come to the 
surface at the inlet end, carrying with 
it some sludge floc. Occasionally, 
some of this would pass over the nearby 
weir. As a result of this condition, 
practically all the flow is now taken 
off at the far end of the tank and 
waterway passages have been enlarged 
to permit this. Fluctuating salt con- 
tent apparently does not impair the 
effluent taken from the far end of the 
tank. 

Addition of Step Aeration 

The second step in the changes at the 
Wards Island plant was to make avail 
able the advantages of the ‘‘step aera- 
tion’’ method. Here again, the strue- 
tural changes for its accomplishment 
were relatively simple and = inexpen- 
sive. 

The effluent from the primary set- 
tling tanks is carried through two 72 
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in. conduits. Each conduit passes be- were tapped at the. west end of the 


tween two batteries of aeration tanks 
to a point near the operating gallery, 
where the flow is divided to feed each 
of two batteries of aeration tanks. To 
incorporate the facilities for step 


ration, the settled sewage conduits 


aeration tanks near the primary set- 
tling tanks (see Figures 2 and 3) 
Connections were made to 4 new con- 
duits built along the west end wall 
of the aeration tanks, the wall and ex- 
tended footing of the tanks forming 


a 
ol 
34 
| 
anal | 
GE 
| 
j 
te 
i 
i 
/ 
} 
‘ 


Vol. 22, No. 8 


one side and bottom of the conduit. 
Openings were cut through the end 
walls of the aeration tanks, leading 
from the new conduit to the start of 
the second and fourth passes of each 
of the 16 aeration tanks. Nozzles 
and 24 x 24-in. sluice gates were in- 
stalled in these openings. Provisions 
were made so that the 4 new conduits, 
each serving a battery of aeration 
tanks, could be closed off by means of 
stop planks. 


Increased Capacity and Flexibility 


It is expected by the changes that 
have been made to raise the dependable 
capacity of the plant to 240 m.g.d. 
Under this condition, the 4-hr. aera- 
tion period that is available is prob- 
ably adequate for good operation un- 
der normal conditions. This 
particularly true in conjunction with 
the improved final tanks, where the 
activated sludge is not subject to long 
anaerobie detention and settling ea- 
pacities are used more effectively. 
With a primary tank effluent of 90 
p.p.m. of suspended solids, and with 
25 per cent return sludge, it is only 
necessary to carry a concentration of 
solids in the aeration tanks of 1,600 
p.p.m. to maintain a 4-day sludge age. 
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This, of course, is with all units in 
service. 

In cases, however, where the loading 
from the primary tanks gets out of 
hand, where multiple units are out of 
service, where the return sludge rate 
must be increased, or where the sludge 
is developing unfavorable character- 
istics for one reason or another, the 
ability to bring the step aeration tech- 
nique into action is a most valuable 
operating control. Within an hour or 
so, by the simple adjustment of a few 
gates, the adverse situation can be 
started along the road to correction. 

At Wards Island the operator now 
has the option of introducing primary 
tank effluent with the returned acti- 
vated sludge all at the beginning of 
the aeration tank as in standard prac- 
tice, or he may introduce the settled 
sewage in the proportions that condi- 
tions dictate at the beginning of the 
first, second, and fourth passes. For 
example, by admitting 50 per cent of 
the settled sewage at the start of the 
fourth pass he can reduce the cirecu- 
lating sludge load through the final 
tanks by one-third, while retaining the 
same sludge age. Conversely, he can 
add 50 per cent to the sludge age with 


an unchanged effluent concentration 
from the aeration tanks. 

RED FINAL TANKS 
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Results of Changes 


It is, perhaps, too soon to give a full 
accounting of the benefits that have 
resulted from the changes outlined. 
Since the changes have been completed 
there have been many shutdowns and 
shifting of units in efforts to restore 
a badly clogged air diffusion system 
A series of mishaps to the fleet of 
sludge vessels at times called for un 
usual expedients and nonuniform plant 
operation. However, a few observa 
tions can be made. 

An attempt was made to compare 
the effect of the quick removal of 
sludge in the altered final tanks with 
the old condition as it affected the 
sludge or settleability, of the 
activated sludge. For this purpose, the 
weekly averages of volatile solids in 
and the corresponding 
sludge index for 6 months prior to 
and 6 months after the change have 
been compared, It is well-known that 
the percentage of volatile solids is an 
important criterion in the 
sludge The 


index, 


the sludge 


resulting 


index sludge indexes 


PM. 
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were, therefore, grouped and averaged 
in aceordance with the volatile solid 
content of the sludge. The resulting 
points are plotted in Figure 4, and 
trend lines drawn through the points 
representing the old and new condi- 
tions. It is evident from this ecompari- 
son that sludges of the same volatile 
content with the altered final tanks 
have substantially improved settling 
qualities. 

The operating results for a battery 
operated with step aeration and with 
the altered final tanks for the period 
from June 15 through November 30, 
1949, were compared with results un- 
der the old system for the same period 
and for the best year of record. This 
happened to be in 1940, before war con 
ditions and other disrupting influences 
may have affected the best possible re- 
sults. Under each condition, average 
daily results for suspended solids in 
the effluent were plotted against the 
corresponding overflow rate in the final 
tanks. The results (Figure 5) indi- 
cate an improvement in ‘he final efflu- 
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ent under the new conditions from 
about 3 p.p.m. for low overflow rates 
to about 6 p.p.m. under higher flows. 
For those interested in the required 
length of effluent weirs, it may be 
noted that only about 10 ft. of weir 
is used per mg. of overflow, with 
depths over the weir in the magnitude 
of 1% in. 


Cost of Alterations 


The cost of the contracts for the 
alterations at Wards Island was: For 
the final tanks, $260,000; for the step 


As a part of studies undertaken by 
the National Research Council’s Com- 
mittee on Sanitary Engineering and 
Environment in Arctic sanitation and 
sanitary problems peculiar to low tem- 
perature areas, the Subcommittee on 
Waste Disposal recently released a re- 
port on ‘‘Sewage Pumping Stations for 
Low Temperature Conditions.’’ 
though primarily intended to assist in 
solving some of the problems encoun- 
tered at military bases in these areas, 
the particular study covered by the 
report also has application outside the 
Avevie and at civilian installations. 

Aiter noting that there are few sew- 
age works installations in permafrost 
areas, that adequate community fa- 
cilities are practically non-existent in 
Alaska, and that existing lift stations 
in low temperature areas of Canada 
and Alaska are adaptations of conven- 
tional types used in the continental 
United States, the report points out 
the necessity for sewage pumping sta- 
tions because of the flat terrain and the 
frost conditions. Chief difficulties as- 
sociated with operation of sewage lift 


WARDS ISLAND PLANT CAPACITY INCREASED 


LIFT STATIONS IN LOW 


1003 


aeration facilities, $134,000; or a total 
of $394,000. The original Wards 
Island project cost about $31,000,000, 
of which about $13,000,000 was the 
cost of the works on the island. This 
was at about the time of the lowest 
prewar price level. If success has been 
achieved in increasing the capacity of 
the plant from a design value of 180 
m.g.d. to one of 240 m.g.d., and thus 
avoid providing this increased capacity 
in plant extensions at present day 
prices, the relatively small sum spent 
in alterations is well justified. 


TEMPERATURE AREAS 


stations in low temperature areas have 
been operating failures due to freez- 
ing, pump clogging, or power outages ; 
insufficient ventilation; flooding; and 
unsatisfactory maintenance due to lack 
of working space or hazardous con- 
ditions. Additional requirements en- 
countered in Arctic conditions are con- 
servation of heat loss to surrounding 
soil to avoid foundation failures, and 
provision of auxiliary heat sources to 
assure against inoperation of equip- 
ment. 

To overcome these difficulties, par- 
ticularly in permafrost areas, the re- 
port recommends that where the con- 
ventional wet well and dry well de- 
sign favored for installations in the 
northern United States is not ap- 
plicable, special consideration should 
be given to development of single- 
chamber types using storage units in- 
side the structure. In addition, the 
storage chambers should be well insu- 
lated and pumps or ejector units should 
be selected that do not require removal 
of screenings in the pump station. 
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DISINFECTION BY SUBRESIDUAL CHLORINATION 


By W 


Vat a Teatina Enainerr, Dept 
Los Anacles, 


The disinfection of sewage is a prob- 
lem of growing magnitude. Increasing 
concentrations of population have 
made necessary the destruction of 
microorganisms on an enormous scale 
Annual budgets for chlorine have 
mounted to hundreds of thousands of 
dollars, and economical use of the dis 
infectant has become increasingly de 
sirable and important. 

Fifteen years ago, Rudolfs, Ziemba 
and Gehm (1), after an investigation 
of disinfection by chlorination, ob- 
served that ‘‘the greatest efficiency oc 
curs when only ten per cent of the 
chlorine demand is satisfied, and that 
efficiency decreases as percentage satis 
faction increases.’’ This statement ex 
presses one aspect of a problem that 
arises in the chlorination of sewage 
Another phase may be paraphrased as 
follows: The uncertainty of disinfee 
tion is greatest when only a part of the 
chlorine demand has been met, and 
uncertainty decreases as the percent 
ave satistaction increases 

A course may be laid between the 
Seylla of inefficiency and the Charyb 
dis of unreliability The choice de 
pends upon the end sought If cer 
tainty of disinfection imperative 
efficiency must be sacrificed Mort 
chlorine must be used than is neces 
sary for disinfection If decimation 
of bacteria is sufficient and funds for 
chlorine are limited, another line may 


be followed 


Clarification of Terms 


In this paper the classification of 
chloro reaction products aS residuals 


and subresidua 


s is based on the pro 
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cedure deseribed in ‘‘Standard Meth 
ods’’ (2). Chloro-compounds that in 
duce a color-forming rearrangement of 
ortho-tolidine in acid solution are re 
garded as residuals. When reference 
is made to a percentage chlorination, 
the base is the dose just sufficient to 
produce that change 

It should be recognized that the 
orthv-tolidine endpoint is an arbitrary 
reference point in the chlorination 
process. There is no basic difference 
in the chemical entities classed as 
residuals and subresiduals by this 
means The bactericidal properties of 
the two groups grade smoothly from 
one into the other. A different group- 
ing would be made by other proced- 
ures, and there is evidence that a 
change to another point of reference 
would be advantageous 

Such expressions as ‘‘bacterial kill’’ 
and ‘‘percentage disinfection”’’ have a 
precise meaning only when the method 
by which they were determined is 
specified A determination of the per 
eentage of organisms destroyed by a 
disinfectant varies with the test organ 
ism and the method of assay. Differ 
ent test media give widely different 
results. For example, a greater redue 
tion in coliforms will be shown in chlo 
rinated sewage by tests with brilliant 
green bile agar than bv tests with 
lactose broth 

In the results reported herein, the 
tests organisms have been the coliform 
group and the method of assay has 
been the confirmed test of *‘Standard 
Methods’ (2 Coliforms that failed 
to ferment lactose were presumed to 
be dead, although it is probable that 
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the fermentation of lactose is a fune- 
tion that can be lost and recovered. 

The dilutions used in testing for 
bacteria were such that, when all cul- 
ture tubes proved negative, a redue- 
tion in numbers exceeding 99.7 per 
cent was indicated. For convenience 
in discussion and statistical analysis. 
100 per cent destruction of bacteria 
has been assumed in these cases. It 
should be recognized, however, that a 
few highly resistant organisms sur- 
vive unless enormous doses of disin- 
fectant are used. In practical work, 
destruction of bacteria approaches, but 
never reaches, 100 per cent. In this 
paper, when bacteria have been re- 
duced to less than 1 per cent of the 
original number, the sample is consid- 
ered to have been disinfected. 


Subresidual Chlorination at 
Los Angeles 


A considerable volume of data with 
respect to subresidual chlorination has 
accumulated at Los Angeles’ Hyperion 
plant during the last three vears, This 
installation chlorinates screened sew- 
age prior to discharge into the ocean.* 
For this purpose, a battery of eight 
large chlorinators is operated. At 
maximum flow these machines add chlo- 
rine to the plant effluent at a rate of 
2,000 Ib. per hr. 

In spite of this great chlorinating 
capacity, the demand of the sewage 
is so high and the flow is so great 
that a residual cannot be attained at 
all times. For about 10 hr. of the day, 
subresidual chlorination is practiced 
in default of plant capacity to meet 
the chlorine demand. During this pe- 
riod, the chlorinators operate at their 
maximum rate, and partial satisfac- 
tion of the chlorine demand, in degrees 
ranging from 40 to 100 per cent, is 
obtained. 

The magnitude of the operation 


*On May 15, 1950, the primary sedimenta- 
tion units of the new activated sludge plant 
were put into operation. Complete activated 
sludge treatment is expected in 1951, 


lends significance to the data. The 
hourly flow of sewage is 10 to 12 m.g., 
and the application of chlorine is at 
a rate of 2,000 lb. per hr. A sufficient 
volume of data has accumulated to 
make possible interpretation by sta- 
tistical methods. The inaccuracies 
arising from short-range fluctuations 
of chlorine demand, and from devia- 
tions of most probable numbers from 
actual numbers, are random in char- 
acter. The averages of the many de- 
terminations available should be close 
to true values. 

The data of the past three years 
show that a 40 per cent satisfaction 
of chlorine demand produces a redue- 
dion of bacteria in nearly every case. 
Disinfection is obtained in one-fourth 
of the samples. Increasing the ap- 
plication of chlorine increases the per- 
centage of disinfected samples. When 
more than 85 per cent of the chlorine 
demand is satisfied, a 99 per cent re- 
duction of bacteria is regularly ob- 
tained. 

In Figure 1 subresidual data ae- 
cumulated in 1948 and 1949 are sum- 
marized, Represented are 980 deter- 
minations of bacterial reduetion by 
subresidual chlorination. The tests 
have been grouped and averaged in 
accordance with the percentages of 
chlorine demand that were met. Each 
group covers a range of 5 per cent. 
When surviving organisms numbered 
less than 1 per cent of the original 
count, the samples were considered 
disinfected. 

The 80 per cent group, comprising 
degrees of chlorination between 78 and 
82 per cent, is shown in Table I to 
illustrate the composition of a typical 
group. Bacterial kills ranging from 
0 to 100 per cent were found for this 
degree of chlorination. Median de- 
struction of bacteria was more than 
99.7 per cent; the average was 93 per 
cent. 

The bacterial degradation of Hy- 
perion sewage is more advanced than 
is usual in most cities. Chlorine de- 
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FIGURE 1,—Relation of chlorine demand satisfaction to percentage of 
disinfected samples. 


mand averages about 30 p.p.m. in the 
Advanced septicity, 
with correspondingly high demand, is 
part to the great 
which the sewage is collected. 
of the flows 50 mi. 
reaching the chlorination plant 
gen depletion tends to be accelerated 
by relatively high temperatures. The 
summer average for Los Angeles sew- 
age is about 80° F. 

Partial chlorination is not equally 
with type of 


summer months 


due in area from 
Some 
before 


Oxy- 


sewage 


effective every sewage 


The pereentage destruction of bacteria 
is related not only to the fraction of 


TABLE I.-Indicated Reduction of Bacteria 
Resulting from 78 to 82 Per Cent 
Satisfaction of Chlorine Demand 


Bacterial Reduction 


Less than 20 
20 to 40 
10 to 60 
60 to 80 
SO to US 

More than 98 


the chlorine demand satisfied, but also 
to the amount of added. 
Subresidual chlorination is more likely 
to be effective when high demands 
require large amounts of chlorine. 

The test data for the Hyperion chlo- 
rination plant are a confirmation on a 
large seale of the findings of many 
investigators who have made labora- 
tory studies of the chlorination of 
sewage. It has often been shown that 
disinfection can be obtained with less 
chlorine than is required to demon- 
strate a residual with ortho-tolidine. 
A consideration of the chemical mech 
anisms by which the destruction of 
bacteria is effected indicates that a 
high degree of correlation should not 
be expected 


chlorine 


Mode of Action of Chlorine 


Although several different types of 
molecular structure result from the 
interaction of chlorine and _ water, 
bactericidal activity is largely due to 
a resonance hybrid, hypochlorous acid. 
acid is represented by 
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the chemical formula HOCI. It is a 
powerful oxidant. Under standard 
conditions the potential of the couple, 
HOCI— Cr, is 1.50 v. Hypochlorous 
acid is, therefore, an effective oxidizer 
in great dilution, and it is fast-acting 
because its energy of activation is low. 

Resonance in molecular structures 
is one of the elusive concepts that have 
grown out of the development of 
quantum mechanics. The full meaning 
of the statement that hypochlorous acid 
is a resonance hybrid cannot be dis- 
cussed in this paper. A first approxi- 
mation to understanding may be ob- 
tained, however, if the molecule is 
thought of as resonating from one 
electronic configuration to another 
with inconceivable rapidity. From 
one of these configurations it replaces 
hydrogen in carbon and nitrogen com- 
pounds with chlorine; from another 
configuration hydrogen is replaced by 
hydroxyl. <A tendency to oxidize by 
chlorination and a competing tendency 
to oxidize by hydroxylation are, there- 
fore, latent in the same molecule. 

In biological systems, vital enzymes 
are engaged in irreversible reactions 
by compounds that oxidize by chlorina- 
tion. Such oxidation becomes lethal 
at certain levels of oxidation potential. 
It is not the oxidation potential that 
is lethal, however, but the intensity 
of a type of oxidation that is associ- 
ated with the halogens. Other strong 
oxidants produce no bactericidal effect 
that is comparable to the action of 
chlorine. Hydroxylation is lethal only 
at much higher levels of oxidation po- 
tential. 

The germicidal superiority of chlo- 
rine is apparent when it is compared 
with oxygen. At a pressure of 30 
atm. the oxidizing power of oxygen 
approximates that of chlorine in the 
concentrations that are used for the 
disinfection of sewage. Oxygen is 
relatively nontoxic to aerobic micro- 
organisms at this concentration. In a 
series of tests, the author found only 
a slight reduction of coliforms in sew- 
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age when pH was reduced to 5.0 and 
oxygen pressure was maintained at 30 
atm. for 15 min. 

Tests with other strong oxidants, 
such as potassium permanganate and 
hydrogen peroxide, have shown that, 
although they are not without bae- 
tericidal effect, none is comparable to 
chlorine in lethal power. The destrue- 
tion of bacteria in chlorinated sewage 
is not simply a matter of oxidation 
potential. Disinfection results from 
oxidation by chlorine, for the lethal 
power of chlorine resides in the strue- 
ture of the atom itself. 

The hybrid nature of hypochlorous 
acid manifests itself in its action on 
living organisms. As it acts either by 
chlorination or by hydroxylation, a 
lethal and a nonlethal proclivity are 
united in a single structure. It ap- 
proaches the bacterial cell in the role 
of a chemical Jekyll and Hyde. The 
outreaching valence may be that of 
oxygen, the preserver, or of chlorine, 
the destroyer. 

The issue of a lethal or a nonlethal 
reaction is not wholly a matter of 
chance. There are determinants in 
sewage that orient a trend toward one 
type of reaction or the other. It is 
probable that pH, temperature, oxi- 
dation-reduction potential, and dis- 
solved oxygen exert a directing influ- 
ence, but these do not account for the 
anomalies of subresidual chlorination. 
Other factors appear to determine the 
dominant type of oxidation that will 
occur. Reactions that link chlorine 
to carbon or nitrogen preserve the 
lethal power of the chlorine and trans- 
mit it to the reaction products. When 
the trend is toward hydroxylation the 


build-up of bactericidal action is” 


slower. 


Differences in the Chemistry of 
Water and Sewage 
Chlorination 


In water treatment, the first incre- 
ments of chlorine react with traces of 
ammonia to form echloramines. This 
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until chlorine, 
times the ammonia 
content of the water, has been added 
The action of the cho 
rine increases up to this point, which 


reaction continues 


equivalent to 5 
antibacterial 
is called the ‘‘hump.’’ Increments of 
chlorine beyond the hump initiate re- 


which the 
converted to 


actions in chloramimes are 


nontoxic substances 


Bactericidal activity declines as the 
chloramines are destroyed and almost 
the break-point. This 


point is reached when chlorine equiva- 


disappears at 


lent to about 10 times the original am- 
monia content of the water has 
added. 


been 
chlorine be 
yond the break-point produce a highly 
effective free chlorine. 
Break-point chlorination is generally 
considered desirable, although in the 
germicidal 
up and destroyed again. 

Ammonia nitrogen is present in sew 


Increments of 


residual of 


pre 


built 


compounds are 


age in amounts of 20 p.p.m. or more 
Such concentrations make break-point 
chlorination impracticable, as enor 
would be re 
quired to obtain a free chlorine resid- 
ual. Such 
The 
pounds that provide bactericidal ae 


mous chlorine dosages 


doses are quite unneces 


sary. ‘hlorinated organic com 


tion in sewage are quite adequate for 


disinfection. They are present in a 


variety and concentration never found 


(a) AMMONIA 


ACTIVITY 


LETHAL 


CHLORINE ADDED 
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in water supplies. They are effective 
in the presence of organic matter, and 
their action is enhanced by soaps, de- 
tergents, and other surface 
depressants that are always present in 
sewage 


tension 


A suecession of compounds of vary- 
ing lethal potency is formed when 
added to sewage in in- 
creasing amounts. The phenomenon 
of rising and declining bactericidal 
effect that appears in the chlorination 
of water may sometimes be observed. 
The ‘‘humps’’ in sewage are not well 
defined because of overlapping action 


chlorine is 


among a number of antibacterial sub- 
stances. Bactericidal effect often rises 
unevenly, however, in a_ series of 
humps and sags as potent bactericides 
are formed and destroyed. 

The irregular build-up of lethal ef- 
fect with increasing doses of chlorine 
is illustrated by the curves of Figure 2. 
An ideal 


ammonia in 


for water containing 
solution (Figure 2a) is 
characterized by a single hump and a 
single break-point. Sewage, which is 
a system of many components, is rep- 
resented by Figure 2b, in which a 
hump marks the culmination of each 
rising phase of bactericidal action. 
Maxima of antibacterial action occur 
in Hyperion sewage when 30 to 60 
per cent of the chlorine demand has 
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(b) SEWAGE 


CHLORINE ADDED 


FIGURE 2.—Irregular build-up of bactericidal action. 
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been satisfied. These early maxima 
are elusive. Their existence can be 
demonstrated, but the chlorine dosage 
that produces them can be determined 
only by time-consuming biological as- 
says. Chlorination at this level is 
attended by undue risk of failure. 
Reasonably reliable maxima of anti- 
bacterial action are found when 80 to 
90 per cent of the chlorine demand has 
been met. In the proximity of these 
peaks lethal potential is great enough 
to decimate the bacteria when the most 
effective dose has been missed. Chlori- 
nation maintained at this level will 
regularly destroy more than 95 per 
cent of the coliforms. 


Inadequacy of Indicators 


It is probable that indicators for 
lethal activity cannot be found. Color 
production by indicators is derived 
from such properties as tautomerism 
and polarity. Toxicity is related to 
quite another set of properties. Such 
indicators as benzidene, ortho-tolidine, 
and para-amino-dimethyl aniline con- 
tain a phenyl ring that is shifted from 
a benzoid to a quinoid structure by 
oxidation. This chromogenic _ rear- 
rangement is produced by some, but 
not all, of the chloramines. Oxida- 
tion-reduction potential appears to be 
only one of the factors that determine 
whether color formation will oceur. 
Molecular configuration is probably 
another. In certain cases the slow rate 
of color formation suggests that steric 
hindrance may be operative. 

Catalysis also influences the rate and 
course of the reaction. Marks and 
Joiner (3) found that ortho-tolidine 
reacts with certain of the chloramines 
at a rate that is independent of con- 
centration, and that, in these cases, 
the color developed is not a measure of 
reactivity. When working with the 
spot plate technic, a spot will some- 
times be observed that initiates color 
development very slowly and then 


rapidly develops full color. Such a 
change of rate is suggestive of auto- 
catalytic action. 

Better measures of antibacterial ac- 
tion might be obtained with indicators 
other than ortho-tolidine. Unfortu- 
nately, satisfactory oxidation-redue- 
tion indicators are relatively rare. 
Indicators for pH are found in several 
classes of organic compounds, but no 
such latitude of choice is available for 
oxidation-reduction titrations. Most 
of the useful indicators for oxidation 
reactions are found in the meriqui- 
none group of compounds. Ortho-to- 
lidine is a typical meriquinone and its 
faults are the general faults of the 
group. One defect is that it is an in- 
dicator for pH as well as for oxida- 
tion-reduction potential. The colored 
modification passes through shades of 
blue, green, red, and yellow in the pH 
range from 7 to 2. A stable color of 
unvarying shade is obtainable only by 
adding a great excess of acid. Such 
massive acidification overthrows and 
eradicates the reaction patterns that 
normally develop in sewage chlorina- 
tion. 


Conclusion 


When sewage is treated with increas- 
ing amounts of chlorine, inflection 
points are passed where the trend of 
reaction shifts from a lethal to a non- 
lethal type. Such critical points may 
correspond to the initiation or comple- 
tion of specific reactions, or to the at- 
tainment of critical levels of oxidation 
potential. Further increments of chlo- 
rine accelerate hydroxylation reac- 
tions, which destroy bactericidal sub- 
stances previously formed. 

Reaction trends are dictated by the 
chemical characteristics of the sewage. 
In some cases, reactions of the lethal 
type appear to be catalytically accele- 
rated by substances that are inciden- 
tally present, for antibacterial action 
builds up rapidly. Such effluents can 
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may be reduced by careful 


control of chlorine dosage 
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INSERVICE TRAINING COURSE IN PLUMBING PROBLEMS 


A second inservice training course 
in Plumbing Problems will be offered 
by the School of Publie Health, Uni- 
versity of Michigan, on September 15 
and 16, 1950, at Ann Arbor, Mich. 
This is the thirty-sixth in a series of 
inservice, non-credit, training courses 
offered by the University’s School of 
Public Health 

The course, which is being given at 
the suggestion of workers in the field 


of study of the problems, is planned to 


develop some of the fundamental con- 


siderations involved in the more estab 
lished 


problems that 


practices, as well as in newer 


assume significance in 
A primary inten- 
tion of the course is to develop plumb 


plumbing practice 


ers and sanitarians to the point where 


they can conduct similar seminars in 
their local communities, thus enabling 
a vastly greater number to benefit by 
the exchange of ideas and experience 
with current problems. 

Major topics to be covered include 
hydraulic precau- 
tions and devices, particularly with 
flammable and toxic 
and liquids; plumbing problems in- 
volved in disposal of trade wastes, with 
particular reference to waste surveys, 
waste characteristics, and maintenance 
of equipment and funda- 
mentals governing septic tank design 
and installation; and developments in 
the formulation of a national uniform 
plumbing code, 


principles; safety 


regard to vases 


controls ; 
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It has been said that sewage water 
reclamation is as old as sewage disposal 
itself, but the modern or recent use of 
the term implies that treated sewage 
effluents are put to beneficial uses, 
rather than being merely wasted into 
a river or the sea. Until recent years, 
the kinds of beneficial uses have been 
very few. The one outstanding use 
has been in agriculture. This is es- 
pecially true in the western states, and 
particularly in California. 

The central valley of California, 
where the City of Fresno is located, is 
now also becoming aware of the water 
shortage problem within its own bord- 
ers. The reclamation of sewage water 
may, therefore, become of greater im- 
portance in this inland agricultural 
area in the years to come. 

It is interesting to note that in Cali- 
fornia there are about 42 cities and 
towns which use treated sewage efflu- 
ents for the irrigation of crops. The 
City of Fresno, with a population of 
about 110,000 inside the city limits, is 
by far the largest of the cities making 
use of the effluent for this purpose, and 
has done so for many years. 

Fresno owns and operates a munici- 
pal farm, 1,292 acres in area, located 
about 5 mi. southwest of the city. 
This is also the site of the recently in- 
stalled primary sewage treatment 
plant. The acreage is now segregated 
into uses and crops approximately as 
follows: 


* Presented at 22nd Annual Meeting, Cali 
fornia Sewage Works Assn.; Long Beach, 
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Use or Crop Area (acres) 


Alfalfa 65 
Sudan grass 90 
Kaffir corn 190 
Grass pasture 600 
Lagoons 305 
Ranch and plant yards, ete. 43 

Total 1,292 


On the farm there are over 600 head 
of fine Hereford cattle. Until more 
land is purchased, however, it is not 
likely that this number will be in- 
creased. This, then, is the area on 
which disposal is made of an average 
flow of 18 m.g.d., or 55 aere-ft. per day. 

The combination farm and treat- 
ment plant set-up has been quite profit- 
able for several years past, in that an 
operating profit has resulted. For 
instance, in the fiscal year ending 
June 30, 1949, the total operating cost 
and expense of the farm and treatment 
plant was $46,001, whereas the total 
cash income of the farm and plant for 
the same period was $55,347, showing 
an operating profit of $9,346. 

With the planned enlargement of 
the cropping area, as against the pas- 
ture and lagoon areas, and the proper 
selection of types of crops, it is en- 
tirely possible that the operating profit 
will, in the future, pay a substantial 
rate of interest on the capital invest- 
ment. 

The above discussion has been based 
on the successful use, of late years, of 
the effluent on the land by means of 
ordinary irrigation methods. Looking 
back to 1921, however, the conditions 
were quite different. 

In that year, Fresno found itself in 


4 
: 
4] 
te 
| 
> 
| 
{ 


1012 
a critical situation with reference to 
the disposition of the sewage effluent. 
At that time, the city owned only 812 
acres, but the bad feature was that the 
ground-water level was only about 2 
ft. below the ground surface. Law 
filed by adjacent land- 
owners against the city for waterlog- 
ving and flooding adjacent lands. 
After some experimentation, the city 


lazvooned 


suits were 


some of the land and _ in- 
stalled 9 drainage wells 200 to 300 ft. 
deep with no perforation of the casing 
than 100 ft. from the surface 
The wells were very successful in low 
that 


less 


table so 
into the 
cleat 


ering the water rapid 
could take 
water from these 
collected and di 


Fresno Dis- 


percolation soil 


The 


scattered 


place 
wells 
verted to the 


was 
Irrigation 
trict for use in its system 


However, conditions have materially 
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changed so that for the past two or 
three 
have 


these wells and 
idle It is quite possible 


that they will never again be used for 


years, pumps 


been 
underdrainage purposes, the main 
reason being that the area surround 
ing the municipal farm has now been 
developed for agricultural crops, ae 
companied by the installation of man) 
irrigation The 
eral lowering of the 
level has 


wells resulting ven 
ground-water 
created a which 
does not interfere with percolation of 
the plant effluent into the underground 
basin. 

As to the 


rately 


condition 


future, 
predict, but considering the 
ever-increasing scarcity of water, the 
treatment plant effluent is a valuable 
whether diverted for irrigation 
purposes to others or used by the city 


no one can aceu- 


asset, 


as at present 


a £38 
3 i 
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Information concerning sewage ree- 
lamation in Australia has been made 
only sparingly available to American 
engineers. The outstanding project, 
and possibly the only one of special 
interest, appears to be that of the 
metropolitan area of Melbourne. The 
material in this paper is largely based 
on abstracts, published from time to 
time in Sewage Works Journal, of the 
annual reports of the Melbourne and 
Metropolitan Board of Works. 


Area, Climatic Conditions, and 
Population of Australia 


Australia is by far the largest single 
island mass on the earth’s surface; so 
large that it is recognized as a conti- 
nent. Its area is very closely 3,000,000 
sq. mi.; almost precisely that of the 
United States. Moreover, its over-all 
dimensions are quite similar to those 
of the United States. 

In latitude, south, it extends ap- 
proximately from 11° to 39°. Its eli- 
mate is tropical in the north and tem- 
perate in the south. In the Southern 
Hemisphere, Melbourne, on the econti- 
nent’s southeast coast, has closely the 
same latitude (38°) as does San Fran- 
cisco in’ the Northern Hemisphere. 
There are but three river systems of 
significant size. The western half of 
the continent is almost rainless. 

The estimated total population of 
Australia in 1945 was 7,365,000, of 
which fully 80 per cent live in the three 
eastern states of New South Wales, 


* Presented at 22nd Annual Meeting, Cali 
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Victoria, and Queensland, named in 
the order of their respective popula- 
tions. In 1812, the population of the 
United States was closely that of Aus- 
tralia today. 


Melbourne Metropolitan Sewerage 
District in 1938 


The metropolitan area of Melbourne, 
in 1938, comprised 438 sq.mi. contain- 
ing 26 municipalities and portions of 
12 others. At that time, 96 sq. mi. 
were sewered on the separate system. 
The sewered population was 1,039,600, 
living in 261,800 premises, and con- 
stituting about 95 per cent of the en- 
tire population of the district. 

The annual rainfall in the District 
was reported to range from 17.3 to 
25.6 in., according to geographical lo- 
cation. 

The sewage flow was reported then 
to average about 58 m.g.d. (U. S.), 
with a dry weather volume of 56 m.g.d., 
or about 58 and 56 g.e.p.d., respec- 
tively, 


Melbourne Metropolitan Sewerage 
District in 1948 


By 1948 the population of the Dis- 
trict had increased about 20 per cent. 
The original plans, prepared in 1891, 
provided for a population of 1,000,000. 
By 1946 the population had grown to 
such an extent that it was proposed 
to develop a system of sewerage to 
serve a total population of 2,000,000. 

The Melbourne and Metropolitan 
Board of Works has established a pol- 
iey under which sewers will be pro 
vided for areas having a population of 
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TABLE I.—-Statistics of Sewerage and Sewage Disposal of the Metropolitan Area of 
Melbourne, Australia 

ywered Premises Sewage Cattle Sheep 

Year Pop lation Sewered on Parr on I 
1937-38 1,040,000 262,000 22,630 
1939-40 1,090,000 275,000 49,600 * 
1941-42 1,140,000 286,000 66,000" 
1943-44 1,140,000 23,700 11,600' 
1945-46 24,580 14,300 
1946-47 24,580 13,500 
1947-48 1,230,000 310,000 24.610 13,200 


4 persons per acre, regarded as one 
fourth developed 

Industrial wastes account for about 
22.5 per cent of the normal week-day 
dry flow, and of the cost of collection 
and disposal. The industrial charge is 
$1.61 per 12,000 gal. (U.S 
with a annual charge of 
$16.14. Industries are encouraged to 
spread their discharge by a diseount 
of 2.5 per cent for every 5 per cent by 
which the ratio of maximum hourly 
discharge to mean hourly discharge is 


of waste, 


minimum 


and has an average age of 16 hr. on ar- 
rival at the farm. It is and 
highly corrosive to structures. The 
farm area in 1938 was 22.634 acres: 
in 1948, 24,610 aeres, an increase of 
about 9 per cent. The the 
farm, as of 1939-40, is estimated to 
have been approximately $4,220,000, 
or $186 per acre. 

The farm receives over 99 per cent 
of the flow of the District. 
There are two small sewage treatment 
plants, which served 7,100 and 5,600 


stale 


cost of 


sewage 


less than 4 to 1, provided that in no persons, respectively, in 1942. 

case shall the discount exceed 30 per In 1938 a grass pasture of 9,425 
cent, The levy is based on water use acres was irrigated at the rate of 
because of the difficulty of measuring — 1,200,000 g.p.d. (U. S.), or at a rate 
the wastes themselves. of only per acre. 


Melbourne Sewer Farm 
The sewer farm of the Metropolitan 
District 
located 24 mi 
Most of the sewage requires pumping, 


is deseribed as be- 
outside the city 


Sewerage 


about 130) g.p.d. 
Cattle, sheep, and horses were allowed 
thereon 


to graze 5 days after water- 


ing. <As of that date, grass filtration 
was reported as being carried on in 
special bays 33 ft 
of 1,200 ft 


wide and upwards 
long, in which the growth 


TABLE I (continued 
Net Cost of Sewage Treatment ($ 
Ineore 
Yea 
$ 

Annua Per Capita Per 
1937-38 
1930-40 261,000 $265,000 $0.24 $11.50 
1941-42 375,000 $4,000 0.04 1.75 
1943-44 195,000 252,000 0.22 10.00 
1945-46 152,000 380,000 0.32 14.60 
1046-47 394,000 0.34 15.00 
1947.-48 288,000 440,000 0.36 16.30 

'Atend of year, * Purchased. Sold. ‘* Temporarily cared for because of extensive destruc- 


tion by fire of grazing lands in Victoria. * From sale of live stock, skins, hides, wool, etc 
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of grass was heavy. After one year, a 
rate of loading was reached that did 
not exceed 60,000 g.p.d. (U. 8.) per 
acre. Presedimentation has not been 
provided. 

The sewer farm is now largely used 
for raising and fattening cattle. At 
times in the past, especially during 
the late war, sheep raising was resorted 
to because the Commonwealth Govern- 
ment would not permit the sale of 
cattle raised on sewage irrigated land 
to be sold for human consumption. 

During 1946, 1947, and 1948, the 
number of cattle on the farm averaged 
about 13,700, representing approxi- 
mately 1.8 gross acres per head. 


The Public Employee Safety Com- 
mittee of the National Safety Council 
will hold its third annual meeting at 
the Stevens Hotel, Chicago, IIL, on 
October 16, 1950. This session is part 
of the annual National Safety Congress 
and Exposition. 

Marvin L. Davis, director of public 
service, City of Akron, Ohio, will talk 
on how to overcome obstacles in apply- 
ing industrial safety methods to public 
employment. Mr. Davis’ remarks will 
be of substantial help to publie em- 
ployers who would like to profit by the 
high degree of safety and efficiency 
achieved by many safety programs in 
private industry. 

One of the most ambitious city-wide, 
centrally organized municipal safety 
programs in the country is that re- 
cently undertaken by the Bureau of 
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By 1947, during the 55 years of ex- 
istence of the farm, established in or 
about 1892, 600,000 seedling trees had 
been planted, principally eucalyptus 
and pines. 

Assuming a contribution of 60 
g.c.p.d. (U. a contributing popula- 
tion of 1,250,000 persons, and a gross 
area of 24,600 acres, it will be seen 
that the average minimum rate of 
sewage disposal is of the order of 
3,000 g.p.d. per acre. The actual 
acreage on which sewage is being dis- 
posed is not presently known. 

Table I reflects some of the principal 
features of farm operation, including 
costs, during the 10-year period from 
1937-38 to 1947-48. 


the Budget for the City of New York. 
Alfred R. Lateiner, consulting diree- 
tor, New York City Accident Control 
Program, and a member of the staff 
of New York University, will discuss 
the training of city and state super- 
visors for safety. 

An informal panel discussion with 
audience participation will be con- 
ducted on the general subject of 
**Chance Taking on Small Jobs.’’ The 
purpose of the free-for-all will be to 
uncover the specific problems of the 
audience and panel members in the 
control of unsafe practices on types of 
work not usually subject to careful pre- 
planning. The panel discussion will be 
led by H. D. Jones, director, Safety 
Department, State Highway and Pub- 
lic Works Commission, North Carolina. 
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Industrial Wastes 


CHARACTERISTICS OF INDUSTRIAL SEWAGE IN 
THE RARITAN RIVER VALLEY * 


By Wittem Repours anp H. 


Most published studies dealing with 
the treatment of mixtures of domestic 
sewage and industrial wastes are con 
cerned with the behavior and effect of 
such mixtures after a treatment plant 
has been constructed. Some published 
studies deal with the behavior of sew 
age and waste mixtures when dis 
charged into receiving fresh waters 
Still others deal with the discharge of 
sewage into salt water. An unusual 
opportunity was provided to predeter 
mine the approximate nature and be 
havior of mixed wastes that would re- 
sult from the collection, treatment, and 
disposal of all municipal and indus 
trial wastes in the Raritan’ River 
Valley in connection with trunk 
sewer project proposed by the Middle 
sex County (N. J.) Planning Board 

The proposed Raritan River trunk 
sewer project consists of the collection 
of all municipal and industrial wastes 
nto a sewer some 22 mi. long and 
terminating at a joint treatment plant 
consisting of sedimentation and chlo 
rination with provision of discharging 
the effluent into Raritan Bay at a point 
where proper dispersion, dilution, and 
passage into the ocean will be assured 
Tentatively, sludge disposal consists 
of barging it to sea 

There are 14) sewage treatment 
plants in the valley, serving 18 muncei 
palities For the purpose of this 
study 10 of the major industries dis 

* Paper of the Journal Series, N. J. Agri 
cultural Experiment Station, Department of 
Sanitation, Rutgers Universitv, New Bruns 
viek, N. J 


charging wastes, but not discharging 
into municipal sewers, were included. 
These major industries consist of as- 
bestos products, chemicals and dyes, 
yeast fermentation, cigarette paper 
manufacturing, photographie film pro- 
duction, finishing materials, paint pig- 
ment, gun powder, and plastics. 

Specific questions requiring prelimi- 
nary answers were as follows: 


1. The pH value of the mixed wastes 
at different sections of the sewer (to 
select suitable materials for the con- 
struction of a sewer to protect it from 
corrosion ). 

2. The strength and characteristics 
of the mixed wastes received at the 
treatment plant. 

3. The expected removals at the 
treatment plant. 

4. The chlorine demand of the mixed 
wastes, 

o. The volume, quantity, compaction, 
and dewaterability of sludge produced 
from the mixed wastes. 

6. The quantities of sludge, B.O.D., 
and chlorine demand of the important 
industrial wastes contributed to the 
svstem by the participating industries 

for tentative development of a for 
mula for the allocation of cost 

7. The behavior of effluent in and 
the effect on the receiving salt water 


Methods 


Samples of wastes produced from 
the important industries were obtained 
and neutralized to a pH value of 4.0, 
if necessary. on the assumption that 
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when all mineral acid is neutralized 
and the wastes are mixed with do- 
mestic sewage no corrosion problems 
will be encountered. One of the muni- 
cipal treatment plants ineludes large 
volumes of industrial wastes; separate 
samples were obtained this 
source. Mixtures were made with these 
various samples on the basis of exist- 
ing known flows. The flows from all 
the municipal plants in the valley, with 
the one exception noted above, were 
represented in the mixture by one 
typical domestic sewage. 

The mixtures were made by using 
a volume of domestic sewage corre- 
sponding to the flow of sewage from 
all the municipalities and each of the 
10 major wastes produced by indus- 
tries according to the percentage of 
each in the total combined flow. The 
following determinations were made 
on the mixtures: pH; settleable solids, 
suspended solids, and B.O.D. before 
and after settling; coliform organisms 
and chlorine demand after settling; 
deoxygenation effect of the settled 
effluent; and solids concentration, vol- 
ume, quantity, compacting, and dewa- 
terability of the sludges. On _ the 
industrial wastes, the following deter- 


TABLE 


B.O.D. 
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minations were made: pH, lime re- 
quirements of the acid wastes, B.O.D., 
and chlorine demand. 


Findings 

Wastes Volumes and Characteristics 

The volumes and characteristics of 
the wastes are shown in Table I. The 
volumes of the wastes produced vary 
from 0.085 to 31 m.g.d. with a total 
volume of 100.8 m.g.d., of which 74.0 
m.g.d. is contributed by industrial 
wastes exclusive of those discharged 
into municipal sewers. The municipal 
plant included as a separate item in 
this study was receiving large volumes 
of industrial wastes with a pH value 
of 10.0. The pH values of the indus- 


trial wastes show wide variations 
(from 2.7 to 11.5). Some of the in- 


dustries neutralize the wastes before 
discharge. The amount of lime re- 
quired to accomplish this objective is 
not pertinent to this study. 

The B.O.D.’s of the wastes range 
from 60 to 2,660 p.p.m.; however, the 
total pounds of B.O.D. discharged are 
more pertinent, as some of the wastes 
with relatively low B.O.D, concentra- 
tion have high flows and others with 


Susp. Solids | Chlorine Demand 
| 


Sluc 
Volume 
(p.p.m.) | (Ib./day) | (p.p.m.) | (Ib./day) | (p.p.in.) | (tb./day) 
1 6.0 10.6 60 | 3,000 435 | 21,750 | 18 | 13 | 650 
2 20.0 4.6 160 | 26,560 | 62 | 10,290 | 21) 38 | 6,300 
3 0.085 | 11.5 | 2,250 1,590 | 2 35 18.0 7.5 5 
4 0.25 | 9.1 2,660 5,500 | 1,745 3,490 | 8.5 | 235 485 
5 0.60 5.9 | 2,400 | 12,000 260 1,300 trace | 190 950 
6 6.0 10.7 355 | 18,750 333 | 16,650 22 | 19 «| «#045 
7 0.12 28 1,635 1,630 25 25 | trae | 18 | 18 
8 0.10 6.5 1,000 830 | 70 55 | 12); 26 | 2 
9 25 3.5 147 2,930 | 8 160 | trace | 7.8 160 
10 7.5 5.0 315 19,500 288 17,850 2.11 8 ‘| 5,225 
11 31.0 2.7 38 7,965 186 47,800 | 2,810 37 
12! 40 10.0 410 | 30,600 413 | 30,975 40.0; 16 | 1,200 
13? 17.7 68 220 | 33,440 185 | 28,120 30; 5 | 760 
Total | 100.8 172,485 183,200 | | 25,950 


' Municipal sewage containing large volumes of industrial wastes. 


? Strictly domestic sewage. 
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TABLE Il.—Efficiency of Suspended Solids 
Removal from Various Wastes by 
Quiescent Sedimentation 


Removal 


Waste 


high B.O.D. concentration have low 
flows. The B.O.D. contributed by in 
dividual industrial wastes varies from 
830 Ib. to 26.560 Ib per day. The do 
67,000 Ib 
which is also due to 
The total B.O.D. 
contributed amounted to 172,500 Ib., 
of which a minimum of 60 per cent is 
due to industrial wastes. The popula 
tion of the lower Raritan drainage area 
is about 255,000 aecording to the 1940 
census, whereas the population equiva 
lent of the combined 
B.O.D. basis, is about 
dustrial 
tute 75 per 
equivalent 
duced by industry 
per cent of the total 
With 


mestic sewage contains 
B.O.D. 


industrial 


part of 


wastes 


wastes, on a 
1.000.000 In 
wastes, on this basis, consti 
cent of the population 
The suspended solids pro 
are at least 68 
certain wastes, considerable 
difficulty was encountered in the de 
termination of chlorine demand be 
cause of the color interference, pH 
effect, ete 
chlorine demand values were obtained 


Accordingly, some of the 


on the basis of starch iodide residual ; 
others by the ortho-tolidine tests. The 
chlorine demands given in Table I ar 
approximations. Of the total 26,000- 
lb. chlorine demand of the 
least 


materials 
discharged, at is at 


tributable to 


7) per cent 
industrial wastes 


In assessing the suspended solids 


removed by sedimentation, a constant 
factor of 
various wastes, 


be used for 
Table 
Il. The percentage removals of indi 


removal cannot 
as indicated in 


vidual wastes varied from as low as 
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34 to as high as 99 per cent. There- 
fore, in assessing the solids removal 
by sedimentation, the suspended sol- 
ids contributed by each waste (Table 
1) must be multiplied by the respee- 
tive efficiency of removal upon sedi 
mentation (Table I1). On the 
of the values given, the caleulated in- 
dicated quantity of suspended solids 
removed from all the wastes by sedi- 
mentation is 144,560 lb., or an over-all 
efficiency of 79 per cent on the basis 
of individual industrial This 
does not take into account the possible 
interaction of various wastes resulting 
in higher or lower removals, depend- 
ing on the nature of the various wastes. 


basis 


wastes. 


Therefore, as indicated below, the ac- 
tual amounts removed at the treatment 
plant variance with the 
individual values. 

A similar difficulty arises in assess- 
ing the chlorine demand of the indus- 
trial wastes. If the chlorine demand 
is determined before the wastes are 
settled or mixed together, an entirely 
different value may be obtained from 
that determined after the mixture has 
been settled. 


may be at 


Characteristics of Wastes Mixture 

The mixture of wastes, made as they 
would enter the trunk sewer, 
that the lowest pH value would prevail 
at the upper end of the sewer, increas- 
ing progressively from 5.0 to 5.9 at 
the lower end of the sewer. This is 
of the nature and volume 


showed 


the result 


TABLE III.--Characteristics of the Artificial 


Mixture 


Sludge volume (ml. 1 

Suspended solids, before settling (p.p.m 
Suspended solids, after settling (p.p.m 
Suspended solids removed 

Ash in suspended solids 

Suspended solids, before settling (ib 


Suspended solids, after settling (|! 
solids removed (Ib 


after settling 
removed by settling (ib 
removed t 
hlorine demand, after settling (p.p.n 
lorine demand, after settling (ib 
Coliform organisms (1,000/m! 


i 
Waste Remove — i 
No No (% 
3 52 10 79 
od 12 72 
6 13 76 
jb 
: 
: 
97 
259 : 
2 
SY : 
59.5 
215,000 
191,000 
B.O.D.. after settling 150 : 
B.O.D ef t 159,200 
125,700 
33,500 
21 
18.4 A 
15,275 
10-250 
Ls 
: 


of the wastes and of domestic sewage 
discharged at different points. These 
values are based on neutralization of 
the acid wastes to pH 4.0 before dis- 
charge. 

The characteristics of the artificial 
mixture are given in Table III. The 
composite mixtures produced a sludge 
volume of 27 ml. per |. after 1-hr. 
quiescent sedimentation in Imhoff 
cones. It is apparent that a much 
larger volume of sludge is produced 
from the mixture of these wastes than 
from domestic sewage. The strength 
of the mixture, as indicated by sus- 
pended solids, is not excessively high 
and corresponds to a strong domestic 
sewage. Exceptionally high removals 
(89 per cent) were obtained by sedi- 
mentation of the mixture. This is to 
be compared with an indicated removal 
of 79 per cent on the basis of removals 
obtained by each individual waste be- 
fore mixture, and a maximum of 60 
per cent for domestic sewage when 
settled for 1 hr. Thus, a much greater 
removal of suspended solids is ob- 
tained by sedimentation of the wastes 
before mixing than in domestic sewage, 
and an even greater removal is ob- 
tained when all the wastes are mixed 
with domestic sewage. The effect is 
due to acids and iron compounds pres- 
ent in some of the wastes, correspond- 
ing to highly effective chemical treat- 
ment. There is a distinct advantage 
in treating these wastes in a central 
plant as compared to individual treat- 
ment. 

The greater removals result in 
greater sludge production, amounting 
to 191,000 lb. of dry suspended solids 
as compared with 144,560 Ib. obtained 
as the sum of removals by the indi- 
vidual wastes before mixing, or a 
sludge production of about 2,000 Ib. 
per m.g. of mixture. The sum of the 
suspended solids in the individual 
wastes was 183,200 lb., whereas that 
calculated on the basis of the actual 
mixture was 215,000 Ib., a difference 
of 31,800 Ib. or a variation of approxi- 
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mately 16 per cent, which is beyond 
the experimental error of this deter- 
mination and signifies that effective 
coagulation takes place when the 
wastes are mixed. 

The B.O.D. value of 190 p.p.m. is 
that of an average sewage. The re- 
moval by sedimentation amounts to 
21 per cent, which is lower than that 
obtained by sedimentation of domestic 
sewage. A total of 159,000 lb. of 
B.O.D. was present in the mixture be- 
fore settling, as compared with 
172,500 as obtained from the sum of 
each individual component before mix- 
ing (Table I). The two methods of 
arriving at the B.O.D. contributed are 
within 13,500 Ib. of each other, a 
variation of approximately 4 per cent, 
or within the experimental error of 
the determination. This appears to 
indicate that little or no soluble or- 
ganic material present in some of the 
industrial wastes was precipitated, as 
compared with effective coagulation of 
the suspended solids. 

The chlorine demand of the mixture 
after settling was equivalent to 15,275 
Ib., as compared with the sum of the 
chlorine demand of each waste of 
26,000 Ib. As the experimental error 
of this test may be high, it is not 
known whether this difference is sig- 
nificant or whether it indicates an actual 
decrease of chlorine demand caused by 
mixing of the individual wastes and 
settling. However, the greater removal 
of suspended solids from the mixtures 
would indicate a corresponding redue- 
tion in chlorine demand of the effluent. 

The determinations of coliform or- 
ganisms of the effluent from the mixed 
wastes after settling gave values of 
10,000 to 250,000 per ml., indicating 
a possible removal and destruction of 
these organisnis. 


Characteristics of Sludge 


The ash content of the suspended 
solids in the various industrial wastes 
is, with few exceptions, very high. 
The exceptions consist of those indus- 
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Effect of Effluent on the Initial 
D.O. Level 


TABLE IV. 


Dissolved Oxygen 


p.p.™ 


Min Min 60 Min 


tries whose wastes are relatively small 


in volume and suspended solids. In 


dustries discharging large volumes of 
wastes contribute large quantities of 


suspended solids with high percenta 
of ash in the 
the 


composite 


ages (60 to SU per cent 
Accordingly 
the 


wastes had an ash content of 59.5 per 


suspended solids 


suspend solids of 
cent. The sludge formed from the sedi 


mentation of such a waste contains a 
high 
and shonld compact and dewater read 
ly Such The 


percentage (H4 per eent of ash 
was actually the case 


volume reduction of sludge by 
pacting for & hr. amounted to 80 per 
cent A 


or more was readily 


5 per cent 
The 


under vacu 


solids content of 
attainable 
sludge dewatered readily 
without the addition of chemicals 
content in. the 
The addition of 
did not improve 


the 


um 
and with a moisture 
cake of 76.5 per cent. 
lime or ferric chloride 
the 


moisture content of the cake 


rate of filtration or decrease 


Oxygen Demand of Nettled E fluent 


» presence of reducing substances 


sulfites, and ferrous 
the 


termine 


Stl h as sultict 


wastes made 
whether the 


into the bay 


sulfate) in some of 
it desirable to ce 
waste, when discharged 
ert an immediate high rate of 
The settled effluent 
various proportions 

BOD 
determined ini 
30 and 60 min. by the 
modification of the Wink 

The 


was diluted 


with standar dilution water 


and cIssolve 


er 


ana ai 


sodium azice 
obtained 


ler method results 
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(Table IV) show that the higher con- 
centrations of the waste exert an im- 
mediate effect on the dissolved oxygen 
level. The dissolved oxygen level after 
30 and 60 min. did not decrease for a 
given concentration of the waste. It 
is safe to conelude that the initial de 
level high 

waste 1s. not 


pression of the D.O with 
the 
caused by actual deoxygenation, but 
rather by interference with the de- 
termination and by D.O. of the 
effluent. There is apparently no high 
rate of demand exerted 

The long-time oxygen demand of the 
effluent studied at 5 
concentration using standard di- 


concentrations of 


low 


waste was per 
cent 
lution 
luted with distilled water in 1:1 ratio. 


The daily B.O.D. values are shown in 


water, as well as sea water di- 


Figure 1. The deoxygenation rate in 
diluted 
during the first two days of incubation 
than in standard dilution water; there- 
after, the rate in the two types of water 
is approximately the same. 

The presence of 
substances in the 


sea water is somewhat lower 


inhibiting 
wastes is evidenced 
by the following 5-day B.O.D. values 
of the concentrations of the 
waste diluted with the standard B.O.D. 
dilution water: 


some 


various 


B.O.D 
5-Day 
p.p.m 


Waste Con 


OS 168 

1.7 156 

130 

118 

110 

The decreasing B.O.D. with increasing 
the 
the presence of inhibiting substances. 


coneentration of waste indicates 


The results indieate, in general, that 


at the point of discharge of the settled 
effluent in the bay the deoxygenation 
effect will be minimal because of high 
rate of deoxygena 


dilution and slow 


tion 
After-Flocculation 


The settled liquor 
diluted salt bay water (1:1 


mixed with 
in 10 and 


Was 


j 
Cone. of Mixed 
3.3 8.5 8.9 8.3 
6.6 8.3 8.2 8.3 
10.0 8.0 8.0 8.0 
20 7.6 7.3 7.4 
tes 
~ 
—__ 3 
| 
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160 


Le 


Li 


A 


4O 


——— Standard B.O.D. water 
—-——— Diluted sea water (1:1) 


0 2 4 


6 


Days 


20 per cent concentrations (by vol- 
ume) in an effort to simulate the con- 
ditions in the bay and study the possi- 
bility of after-flocculation of the 
effluent at the point of discharge. 
The mixtures were allowed to settle 
and the volume of sludge formed in 
Imhoff cones was determined. There 
was no immediate flocculation of solids, 
but after 24-hr. storage 0.16 per cent 
of sludge was formed in the 20 per 
cent mixture of effluent in sea water. 
The slow rate of formation of the fine 
floe would, therefore, insure the dis- 
persion of the material and prevent 
the formation of localized sludge de- 
posits. 
Discussion 


In dealing with a problem of this 
nature prior to the construction of a 


FIGURE 1.—B.0.D. of mixed waste effluent. 


sewer for the collection of large vol- 
umes of industrial wastes with differ- 
ent characteristics, predictions as to 
the nature, characteristics, and be- 
havior of the ensuing mixture obvi- 
ously cannot be made on the basis of 
experience from domestic sewage. <A 
scheme of preliminary study as out- 
lined in this paper is necessary and 
will give valuable information for 
estimating treatment plant unit ca- 
pacities and aid in the design of the 
sewer and treatment plant facilities. 
It is essential, for a study of this 
nature, to know the flows from each 
major source, whether industrial or 
domestic, so that the mixtures can be 
made on the basis of proportionate 
flows. Samples obtained should be 
representative of each waste. They 
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the order in 
would be discharged into 
the projected sewer, for information 
regarding the character of the wastes 
The 
approximate strength of the total col- 
lected obtained. If a 
certain type of treatment plant is 
the efficiency of the 
treatment plant and the pollutional 
characteristics of the effluent 
The quantity and = char- 
acteristics of the sludge obtained can 
be studied and the type, nature, and 
magnitude of sludge disposal deter- 
The chlorine demand of the 
effluent will give an idea of the size of 
chlorinator and quantities of chlorine 


can then be mixed, in 


which they 
in various sections of the sewer. 
waste can be 


contemplated, 


ean be 
estimated 


mined. 


required, 
Other information can 
he obtained if results obtained on the 


interesting 


basis of the mixtures are compared 
with those of each separate component, 
If. for instance, the quantity of sus- 
pended solids estimated on the basis 
of the mixture is significantly higher 
than the quantity of the suspended 
from the total of the 
interaction between 


solids derived 
components, an 
the various wastes with resultant pre- 
cipitation of indicated. It 
is of interest that, in the present in- 
the total quantity of B.O.D. 
obtained by the methods 
within the experimental error of the 
determination; in other words, the in- 
teraction and precipitation did not 
affect the matter, 
but was mainly restricted to the inor- 


solids is 


stance, 


two was 


materially organic 


ganic constituents 
An interesting question arises from 
the diserepancy of the solids balance 


between the two methods. In assess- 


ing the cost of construetion and opera- 
tion of the sludge treatment facilities, 
each contributor ordinarily would be 
charged according to the quantity of 
solids contributed, based on the analy : 
waste. 
the 
treatment plant might be higher than 


sis and flow of the individual 


However, sludge production at 


that derived from all the contributors 
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combined. How should the cost of 
treatment of this excess sludge be ap- 
portioned? 

It is conceivable that a similar situa- 
tion may arise in the total chlorine 
demand requirements of the wastes 
before and after admixture, and that 
the chlorine demand of the mixture 
may be higher or lower than the sum 
of the components. 

It is interesting to note that an SJ 
per cent removal of suspended solids 
was obtained by plain sedimentation 
of the mixed wastes, whereas an indi- 
cated over-all removal of 79 per cent 
was obtained on the basis of sedimen- 
Either 
value is higher than the correspond- 
ing removals by plain sedimentation 
indicating that 
some of the wastes settled more readily 


tation of each waste separately. 


of domestic sewage, 
than domestic sewage, and that mixing 
of the various wastes together re- 
sulted in higher efficiency of sedimen- 
tation. In view of the fact that large 
volumes of waste containing high con- 
centration of iron contrib- 
uted, it is not surprising that the sus- 
pended removals by plain 
sedimentation are equivalent to those 
to be expected from effective chemical 
treatment. 


salts are 


solids 


Summary and Conclusions 

A survey was made of the character, 
quantity, and behavior of individual 
wastes and ensuing mixtures of wastes 
contributed by various major indus- 
tries and municipalities to a projected 
trunk sewer in the Raritan River Val- 
ley in N. J. Suspended solids, B.O.D., 
pH, and chlorine demand of the indi- 
vidual wastes and of the proportionate 
mixture were determined before and 
after settling, and the effect of settled 


effluent on the receiving salt water 
was assayed. The results show that: 
1. The pH values of the mixed 


wastes in the trunk sewer would not 
be less than 5.0, and might be as high 
as 5.9 in the lower section, provided 
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Vol, No, 


that wastes with low pH values were 
neutralized to pH 4.0 before discharge. 

2. Most of the major industrial 
wastes are acid in nature. 

3. The percentage contributions of 
industries as compared with munici- 
palities were: 

Industry 


Municipalities 


Flow 75 25 
B.O.D. 61 39 
Population equivalent 75 25 
Suspended solids 68 32 


4. It appears that formation of sus- 
pended solids from materials in solu- 
tion takes place as a result of interae- 
tion of various types of wastes. 

5. Sedimentation of the individual 
wastes showed an indicated over-all 
removal of 79 per cent of suspended 
solids, whereas the sedimentation of 
the mixtures gave an 89 per cent re- 
moval, indicating the benefits derived 
from treatment of the wastes collee- 
tively as compared with individual 
treatment. 

6. The sludge volumes and quanti- 
ties were higher than would be ex- 
pected from domestic sewage, but the 
solids were mostly inorganic and, ac- 
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cordingly, compacted and dewatered 
readily without the addition of chem- 
icals. 

7. Difficulties can be expected in 
assaying the chlorine demand if the 
usual methods are applied to indus- 
trial wastes. 

8. The mixed waste 
sedimentation did not manifest a 
rapid short-time oxygen demand. 
Substantially the same B.O.D. values 
were obtained with standard dilution 
water as with diluted sea water (1:1). 
The mixed waste effluent had a tend- 
ency to give lower B.O.D. values with 
higher concentrations, indicating the 
presence of inhibitory substances. 

9. No appreciable after-flocculation 
of the settled effluent would 
when discharged into the salt (bay) 
water. 

10. In the absence of a common col- 
leeting sewer, the value of an artificial 
mixture made according to flows is 
shown for predicting the characteris- 
tics of the mixed wastes, their response 
to treatment, the character of the efflu- 
ent, and the effect of the effluent on the 
receiving body of water. 
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SIGNIFICANT CHARACTERISTICS OF SEWAGE AND 
INDUSTRIAL WASTES * 


By JoHN 


Sanitary Engineer, Brou ” and Caldwell, San 


Within the last two much 
progress is evident in the extension of 


both fundamental and practical knowl 


years 


edge of the characteristics of sewage 


and industrial wastes Many re 


searches in analytical methods financed 
from federal bearing 
fruit 


cal methods, as 


grants are now 
and critical reviews of analyti 
well as articles on 
newly proposed procedures, abound in 
the technical periodicals 

In the face of this flurry of. sci 
entifie activity, there is noted a tend 
ency on the part of many who are en 
gaged in the design and operation of 
treatment works to overlook certain 
time-proven tools useful in evaluating 
and in- 


the suspended solids values alone do 


the characteristics of sewage 


dustrial waste. The 5-day and 
not depict the behavior of sewage, yet 
these often are the only criteria given 
serious attention 

This paper 
characteristics of 


considers several other 


sewage and indus 
their significance in 
the design and operation of treatment 

The discussion is limited to 
charagteristics disclosed by the deter 


trial wastes and 


works 


minations for total and volatile solids, 
settleable removed by 
the relation of the 1 
day B.O.D. to the 5-day B.O.D. Data 
are taken from several sources to illus 
trate the 


solids 


settling, and by 


range of values which may 
be encountered, and examples are cited 
of the application of these character 
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Total and Volatile Solids 


Total solids and total volatile solids 
content of sewage and wastes long have 
been standard measures of strength. 
Nevertheless, for many recent investi- 
gations and reports of operation, these 
values either have not been determined, 
or for other have not 
reported in the published data 
omission is particularly 


been 
This 
noted in the 
literature on industrial wastes, despite 
the fact that in many industries sub- 
stantially all of the material lost in 
processing can be accounted for by the 
total and volatile solids in the sewage. 

In contrast, B.O.D. is an ineonsist- 
ent and, to laymen, incomprehensible 


reasons 


Likewise. 
the suspended solids test fails when 


measure of material losses 


the waste contains a large proportion 
The 
total solids content represents the sus 
pended, colloidal, and 
terial to be dealt 
correction for the 


of solids in the dissolved state. 
dissolved ma 
and is, after 
mineral content of 
the water supply, a primary measure 
of strength of sewage or waste. For 
total and volatile 
solids determinations ought to be in- 
cluded in all investigations, in analy- 
ses of plant operation, and in reports 
thereof. 

Total solids values do not vary with 
the time and place of sampling, where- 
as the relationship between the sus- 
pended and the colloidal and dissolved 
components may undergo great change 
This was strikingly illustrated during 


with 


these reasons, the 


the course of studies preliminary to 


the design of the 


sewaue 


San Calif.. 


In the lab 


Jose. 


treatment works 
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oratory, two portions of diced trim 
from fresh pears (peel and core) were 
placed in distilled water and stirred; 
one portion for 15 min., the other for 
2 hr. After 15 min. of stirring, two- 
thirds of the total solids were present 
as suspended matter and could be re- 
moved by settling. 
stirring, one-third of the total solids 
were present as suspended matter. 
Thus, the leaching of soluble matter 
from the suspended particles in a 2- 
hr. period reduced their weight by 
one-half. 

The B.O.D. of a sewage or organic 
waste is closely related to the total 
volatile solids in the waste, the exact 
proportion depending on the degree 
of oxidation of the organic matter and 
on its availability as bacterial food. 
The relationship for normal domestic 
sewage is approximately 0.37 Ib. of 5- 
day B.O.D. per pound of volatile sol- 
ids (1). Studies of characteristies of 
milk waste by Trebler (2), Eldridge 
(3), and others show a range of 0.82 
to 0.85 Ib. of 5-day B.O.D. per pound 
of organic solids in skim milk, whole 
milk, and various whole milk products. 
For whey and cream these investi- 
gators report values of 0.55 and 0.88, 
respectively. Through researches on 
the disposal of paper mill wastes, the 
B.O.D. of the several components of 
sulfite liquor have been determined 
(4). Data are also available on the 
B.0O.D. of many pure organie sub- 
stances. Recently, it has been pro- 
posed to use certain of these pure sub- 
stances as primary standards for the 
B.O.D. determination (5). 

Very little information is available 
coneerning the B.O.D.-volatile solids 
ratio of cannery wastes, even though 
such factors would often be convenient 
tools in coping with the immense prob- 
lem of the disposal of cannery waste 
in California. During the 1949 ecan- 
ning season, a program of sampling 
was carried out at the San Jose outfall 
sewer. Fifteen canneries having a 
total production of 2,500 to 5,400 tons 
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of raw fruit per day are tributary to 
the sewer. The average values for the 
B.O.D., the volatile solids, and the 
B.O.D.-volatile solids ratio resulting 
from this study are as follows: 


Pounds per Ton of Fruit Processed 


Type of Pack 


B.O.D | Vol. Sol. | 
Peach and pear 34380 0.87 
Pear and tomato 25 30 (O84 
Tomato 9 | 11 0.82 


Ratios obtained by analysis of wastes 
from individual canneries in the San 
Joaquin Valley had the following 
range of values: 


Ratio of B.O.D. 


Waste to Vol. Sol. 
Apricot 0.77 
Peach 0.86 to 0.92 


Tomato 0.77 to 1.08 


From a thorough laboratory study 
of solid wastes or garbage from fruit 
canning, the following ratios were ob- 
tained (6): 


Ratio of B.O.D. to 


So: id 
Weote Total Settl | Diss 
Vol. Sol. Vol. Sol Vol. Sol 
Peach | 0.65 0.40 O81 
Pear 0.50 0.20 | 0.67 
Tomato | 0.44 0.56 0.38 


These values show that volatile non- 
settleable solids of peach and pear 
waste, pound for pound, exert a great- 
er B.O.D. than the volatile settleable 
solids. The reverse is true in the case 
of the tomato waste. 


Settleable Solids 


Settleable solids may be determined 
either by volume, using the Imhoff 
cone, or by weight. In the latter 
method, the suspended solids are de- 
termined by filtering both before and 
after quiescent settling, and the differ- 
ence in amount of suspended matter 
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is taken as the settleable solids. The 
test by weight is one of practical value 
simulates full-scale 
mentation. The results permit the 
estimation of the performance of sedi 
mentation and the loading on 
sludge disposal facilities For control 
of plant operation, the simple volu 


because it sedi 


tanks 


metric measurement of settleable sol 
ids may never be entirely replaced by 
the determination by weight. Never 
theless, the latter is more effective, for 
instance, in determining whether ab 
normal performance is caused by a 
change in sewage characteristics, or by 
the design or conditions of operation 
of the plant. By suitable modification 
of the procedure the effect of plain 
flocculation may be included in the 
determination From mathematical 
analysis of the studies made in con 
nection with the sewage survey of the 
East Bay Cities in 1940 (7), Ludwig 


Priniepal Packs 


Minimum canning 
Apricot 

Peach and pear 
Pear and tomato 
lomato 


8) has proposed a modification of the 
test to provide 15 min. of stirring fol 
settling, in lieu of 
His studies indicate 


lowed by 20 min 
2 hr. of 
that the removals of sus 
pended B.O.D. 
tained by this method 

The fraction of suspended 
which settle in 1 to 2 hr. varies 
through a considerable range, and may 
be affected by strength and age of the 
sewage and by the mineral content of 


of settling 
ultimate 
solids and were ob 


solids 


will 


the water supply, as well as the pres- 
The aver 
solids value for 16 sam 
ples taken from 8 sewers of the East 
Bay Cities was 48 per cent of the sus 
340 


ence of industrial wastes. 


ave settleabl 


pended solids content of p.p.m 
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(7). The ultimate value (which theo- 
retically would be attained at an in- 
finite period of settling) appeared to 
be 56 per cent of the suspended solids. 
The latter may be compared with a 
mean ultimate value of 71 per cent 
of the suspended solids for sewage at 
six military installations (9 At the 
Richmond-Sunset plant in San Fran- 
removal of 
pended plain flocculation 
and sedimentation was 73 per cent for 
the year 1948-49 (10). 

The suspended matter in waste from 
the canning of fruit settles readily. 
Settleable solids, expressed as per cent 
of suspended solids, usually exceeds 85 
per cent for sereened apricot, peach, 
and tomato wastes. In the combined 
domestic sewage and cannery waste 
from San Jose prior to and during the 
1949 canning season, the settleable sol- 
ids were as follows: 


ciseo, the average Sus- 


solids by 


Settl. Sol. (2 hr 
Susy. Sol 
p.p.m 

‘ 


p.p.m.) + of susp. sol. 


330 260 78 
360 | 270 75 
570 500 88 
350 300 86 
320 270 84 


At San Jose during August and Sep- 
tember the suspended matter showed 
settling characteristics very similar to 
those of activated sludge. After 15 to 
20 min. of settling, the turbidity of the 
supernatant generally appeared to be 
as low as at the end of 2 hr. After 
collection of the sample, large floc 
formed immediately ; this was followed 
by rapid settling and, finally, the 
settled sludge compacted at a very slow 
rate. In these tests settleable solids 
were determined by volume, as well as 
by weight, and the solids content of 
the sludge was computed therefrom. 
The present procedure for the de 
termination of settleable solids (11 
was proposed as a standard method by 
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Fischer and Symons in 1944 after three 
years of trial at Buffalo (12). The 
prior standard method, which involved 
the determination of total solids of the 
settled sludge, did not gain general 
acceptance. With greater use, either 
of the present procedure, or preferably 
that proposed by Ludwig in the event 
that it is found generally applicable, it 
would be desirable to express the per- 
formance of sedimentation units on 
the basis of settleable solids, rather 
than on suspended solids. Thus, com- 
parisons of efficiency of settling tanks 
of different design or volumetric load- 
ing would not be obseured by variation 
in the settleability of the suspended 
matter. 


B.O.D. Removed by Settling 


The fraction of B.O.D. removed upon 
settling sewage or industrial waste is 
comparable in significance to settleable 
solids. As in the test for the latter, 
it is determined as the difference be- 
tween the B.O.D. before and after 
quiescent settling. Thus, B.O.D. re- 
moved by settling is that exerted by 
the settleable solids. The proportion 
of this fraction to the B.O.D. of the 
raw sewage is affected not only by the 
settleability of the suspended organic 
matter, but also by the relative amount 
of organic matter in solution. Hence, 
the removal of B.O.D. by primary 
sedimentation varies over a_ wider 
range than does the removal of sus- 
pended matter. 

Results of B.O.D. removal by pri- 
mary sedimentation at 26 municipal 
plants reported by Keefer (13) show 
an average value of 35 per cent. The 
average B.O.D. of the raw sewage at 
these plants was 230 p.p.m._ For 
stronger sewages, removals are com- 
monly in excess of 40 per cent. Re- 
movals of 50 to 55 per cent are nor- 
mally attained at the Richmond-Sun- 
set plant in San Francisco, which re- 
ceives a fresh, almost entirely domestic, 
sewayze (10), 

However, if primary removal as- 
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sumed in design proves to be too high, 
or if substantial changes in the sewage 
characteristics occur, overloading of 
secondary treatment facilities may re- 
sult. This was illustrated on a broad 
scale early in the war at sewage treat- 
ment plants at Army posts. Based on 
the meager information then available, 
plant design criteria in 1940 were 
based on an anticipated B.O.D. re- 
moval of 50 per cent by primary 
settling. By the end of 1941 sufficient 
operating data were accumulated to 
indicate that the removal, on the aver- 
age, would not exceed 35 per cent. At 
the same time, it was observed that the 
B.O.D. contribution per capita was 
about 0.20 lb. per day, instead of the 
expected 0.17 Ib. The combination of 
these two factors resulted in a 50 per 
cent greater loading on secondary 
units; that is, 0.183 Ib. per capita, in 
place of 0.085 lb. Subsequently, de- 
sign criteria were modified to take 
these characteristics into account. 

The presence of industrial wastes, 
under some conditions, may tend to in 
crease the removal of B.O.D. by set- 
tling. More often, removal is greatly 
reduced because a substantial portion 
of the B.O.D. is exerted by matter in a 
soluble or colloidal state. Examples 
of B.O.D. removal by 2-hr. settling 
(in the laboratory) are given in Table 
I for a variety of wastes and combina- 
tions of sewage and waste, arranged 
in order of the degree of removal ob- 
tained. Obviously, materials such as 
molasses stillage, consisting almost en- 
tirely of solubles, yield no reduction 
on settling. Less than 10 per cent 
removal was noted for well-screened 
apricot, milk, and cattle-slaughtering 
waste. B.O.D. removals of 10 to 20 
per cent were obtained for many foed 
processing wastes, either alone or with 
domestic sewage. High removals were 
obtained only for a few of the wastes, 
notably those having a high content of 
fibrous matter. 

As in the case of settleable solids, 
it would be desirable and far more 
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TABLE I.--Removal of B.O.D. from Industrial Wastes by Sedimentation . 


Five-Day B.O.D 


Waste e 
Raw Settled K val 
Molasses stillage?* 37,600 0 
Apricot® 1,205 1,170 3 
Gieneral creamery? 1,090 1,010 7 
Cattle slaughtering® 780 700 9 
Rendering, sardine 33,800 30,200 11 
Potato® 930 830 
Spin i h 540 150 12 
Dom. sewage, molasses, and end liquor 860 750 13 
Dom. sewage, peach, and pear* 1,120 980 13 
Pear trim, macerated® 14 
Brewery vat waste® 730 630 14 ; 
Prune tenderizing® 2.000 1.700 15 bs 
Sheep slaughtering 610 560 Is : 
Dom. sewage pear, and 740 610 IS 
Dom. sewage apricov® 700 570 10 
Dom. sewage, tomato 150 320 14 a 
Dom. sewage, molasses stillage 510 10) 21 
Peach trim, macerated 25 
Potato 1,350 990 27 
Chrome tannery SOO 560 30 
Normal domestic sew we 230 150 35 
Hominy 330 30 
Wool pulling 1,180 690 41 
lomato trim, macerated® 43 
Rendering, meat* 6,800 3,850 43 
Roofing, paper® OS D4 15 
(Asparagus 1.150 100 &S 
Settled 2 hr 
> From unpublished studies of sewage from San Jose, Calif 
From unpublished reports on wastes from industries in Turlock, Manteca, and South San 
Franciseo, Calif 
After passing 20-mesh screen A 
Reference 7 
| rom potato chip factory abrasive peeling process used : 
As} aragus butts macerated 
From potato dehydrator; lye peeling process used f 
realistic to compare the performance pected in the past, and that these may 


of sedimentation facilities on the basis aecount for anomalous performance of 


f settleable BLO.D.. rather than on treatment works and localized deple 


the total BOLD. of the sewage or waste tion of oxygen in streams 
Signifieance of the velocity constant, 
Rate of B.O.D. Reaction k, in the unimoleeular B-O.D. equation, [- 
In using the 5-day B.O.D. at 20° y= 10°'), may be appreci- 

aS a measure of sewage and waste ated if, in this atomic age, terminology 
strength and as fundamental loading applied to radioactivity is used. The 
factor for treatment works and recei release of energy from radioactive sub- ' 
ing waters, possible deviations from  stanees follows the unimolecular law, 
the commonly accepted normal rate of which has been found to be applicable | 
reaction should not be overlooked. It to the first-stage B.O.D. reaction. 
is possible that material deviations ox Ilowever, in place of expressing the : 
cur more often than have been sus velocity of reaction by means of the k ‘i 
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value, the term ‘‘half-life’’ is used. 
Thus, a radioactive isotope may have a 
half-life of, say, 10 days (or 10 min.), 
at which time one-half of the energy 
has been released. Similarly, at the 
normal k value of 0.1 for the B.O.D. 
reaction, the half-life is 3 days (that 
is, one-half of the ultimate B.O.D. is 
exerted within this time). Examina- 
tion of the B.O.D. equation will reveal 
that the half-life is inversely propor- 
tional to the k value. Thus, the half- 
life for a k value of 0.2 is 1.5 days; for 
0.3, 1 day. Caldwell and Langelier 
(14) have suggested the term ‘‘half- 
ultimate’’ B.O.D. to express the reae- 
tion velocity as a funetion of time. 

Determination of the veloeity eon- 
stant k of the B.O.D. equation re- 
quires that the B.O.D. exerted daily 
over a period of 5 to 10 days be meas- 
ured. Recently, Thomas (15) has pre- 
sented a short-cut method for deter- 
mining the approximate k and L 
(ultimate B.O.D.) values from the lab- 
oratory data. Nevertheless, routine 
investigations seldom provide for the 
additional laboratory work involved. 

For exploratory purposes, an indica- 
tion of the value of k may be obtained 
simply by determining the 1-day and 
o-day B.O.D.’s. At the normal reaction 
rate, & equals 0.1, the 1-day and 5-day 
B.O.D.’s are, respectively, 20.6 and 68 
per cent of the ultimate first-stage 
B.O.D. Thus, the 1-day B.O.D. is 30 
per cent of the 5-day B.O.D. 

Figure 1 shows graphically the ratio 
of the 1-day B.O.D. to the 5-day B.O.D. 
and to the ultimate B.O.D. for k values 
ranging from 0.025 to 0.6. It will be 
seen that the l-day B.O.D. is 0.25 of 
the 5-day B.O.D. at a k value of 0.05, 
and 0.4, 0.5, and 0.6 for k values of 
0.2, 0.5, and 0.4, respectively. Also 
shown is the ratio of the 5-day B.O.D. 
to the ultimate B.O.D. for the same 
range of k values. At a k value 
of 0.2, 0.9 of the ultimate B.O.D. 
theoretically would be exerted in 5 
days, whereas at a k of 0.4 or higher, 
0.99 or more of the ultimate value 


would be attained. In computing these 
values, it is assumed that the reaction 
proceeds in accordance with the uni- 
molecular equation and that the ulti- 
mate value, L, remains constant. <Al- 
though neither assumption may be 
entirely correct in specific instances, 
the approximate magnitude of the & 
value can be obtained from the prin- 
cipal curve in Figure 1. 

In practice, the 1-day B.O.D. ob- 
tained by the standard dilution tech- 
nique is. likely to give a low value, 
either because of initial lag in bacterial 
development, or because of the effect 
of toxie substanees in the lower dilu- 
tions than those employed for the 5- 
day B.O.D. test. Therefore, when 
seeding of industrial waste is neces- 
sary, a substantial portion of settled 
sewage should be employed to prevent 
initial lag, hence, low results for the 
l-day test. Likewise, the number and 
range of dilutions should be sufficient 
to show whether or not toxie sub- 
stances cause interference. 

Manometric methods for the deter- 
mination of B.O.D. offer a distinct ad- 
vantage when it is desirable to plot 
the course of the B.O.D. eurve (14). 
Readings may be made with ease and 
at any desired interval of time. It 
has been found, however, that for 
identical samples higher velocity con- 
stants are obtained with the mano- 
metric procedure than when using the 
standard dilution technique. Hence, 
comparison of velocity constants must 
be restricted to those obtained by simi- 
lar laboratory procedure. 

The extent of possible variation of 
the & value was illustrated in the Na- 
tional Research Couneil report on 
“Sewage Treatment at Military Instal- 
lations’’ (9). The average k value for 
grab samples analyzed at 16 military 
posts was 0.18, and ranged from 0.10 
to an extreme of 0.30. These high 
values ordinarily would not be ex- 
pected in a sewage containing little, 
if any, industrial waste. Although 
military sewage is, in general, stronger 
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FIGURE 1.—Relation of k& to 1-day and 5-day B.O.D. 


than normal municipal sewage, no ecor- 
elation between strength and k value 


was found For the eases cited, 
strength ranged from 185 p.p.m. to 
677 p.pam. of 5-day B.O.D Subse 


Ruchhoft (16) made a further 
investigation of the velocity constant 
from domestic, institutional, 


quently, 


In sewage 


and military sources, which indicated 
that the normal *& value may be nearer 
0.15 than 0.10 
obtained when high dilutions were em 
attributed to the 


of nitrification within 3 to 7 days 


Lesser k values were 


ploved, and were 
if incubation 
When industrial wastes are present, 
higher values of k mav be en- 
eountered An 


be extreme, is the 


much 
example, which 
B.O.D 


waste 


may 
exerted by 
after 
gluta 


a 


the extraction of monosodium 


mate from concentrated Steffens waste 
of the beet sugar industry. End 
liquor has a volatile solids content of 


‘8 per cent, and a 5-day 


80,000 p.p.m. by weight It is prob 


B.O.D. of 


ably the strongest liquid waste ever 
discharged in quantity to a munici- 
At San Jose, the 
average of 14,300 gal.) of 
end liquor discharged each day has a 
population equivalent of 350,000. Be- 
cause of the significance of this waste 
to the of treatment works, a 
thorough B.O.D. was 


pal sewer system. 


78 tons 


design 
study of the 
made, 

The B.O.D. curve for the end liquor, 
plotted in Figure 2 from the average 
values of five series of tests, indicates 
the possible existence of two rates of 
oxidation. The B.O.D. exerted dur- 
ing the first 12 hr. after the initial lag 
period appears to have a k value of 
0.57 and would have an_ ultimate 
3.0.D. of 463,000 p.p.m. if the reac- 
indicated by the 
After 12 hr. the 
value of 0.31 and 
ultimate B.O.D. of 400,000 
p.p.m. The nitrifying stage was evi- 
dent in dilutions incubated beyond 5 


continued as 
upper dashed line. 


tion 


curve assumes a fh 


has an 


days 


A 

Pie 
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During a program of sampling of 
combined sewage and industrial waste 
from the San Jose outfall from June 
through October, 1949, the 1-day 
B.O.D. of the settled sewage was rou- 
tinely determined. Throughout this 
period, the 1-day B.O.D. quite con- 
sistently was 60 per cent of the 5-day 
B.O.D., although average monthly 
values of the latter varied from 620 
p.p.m. during the tomato canning sea- 
son to 1,230 p.p.m. during the peach 
and pear canning season. Although 
the picture was obscured by the pres- 
ence of end liquor in the sewage, avail- 
able data indicated that the peach 
and pear waste had a & value in the 
range of 0.5 to 0.4, whereas the tomato 
waste had a value of about 0.1. In 
view of the velocity constant reflected 
by the high 1-day B.O.D. during the 
peach and pear pack, it is planned to 
dilute the settled sewage at the inlet 
of the oxidation ponds with recireu- 
lated pond effluent in the ratio of 10:1, 
in lieu of 5:1 as originally proposed. 

When sewage or waste having a 
high velocity of oxidation is discharged 
to a stream, it is obvious that a more 
rapid and greater depletion of oxygen 
will occur than would be expected on 
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the basis of the 5-day B.O.D. of the 
sewage. Likewise, it would be diffi- 
cult to maintain aerobie conditions 
at the inlet end of an oxidation pond 
unless ample dilution and dispersion 
were provided. The difficulties en- 
countered in maintaining dissolved 
oxygen in contact aeration plants and 
with bulking sludge in activated sludge 
plants at military posts may have been 
in large part caused by high rates of 
the B.O.D. reaction. At the Camp 
Claiborne activated sludge plant, 
which later reported a k value of 0.3, 
a battery of 20 mechanical aerators 
could not cope with the sewage until 
a preliminary filter was installed. In 
trickling filters, the effect of high & 
values on performance is probably less 
pronounced than in other forms of 
secondary treatment, due to their abil 
ity to withstand shock loads. 

In view of the ease of adding the 
1-day B.O.D. test to routine laboratory 
analyses of sewage and wastes, it is 
desirable to include this determination 
in investigations of sewage and indus- 
trial waste characteristics and at suit- 
able intervals in routine plant control 
tests. When significant deviation fror 
the normal rate of the B.O.D. reaction 
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L = 463,000 ppm. ] 
= 400 6 
a 4 | 
° Z 
© 300 —+-- 
| 7 8 
a) | | 
es I | | | 
, O00} DAY O- Average B.0.0. of two or more dilutions 
| 
2 4 6 
5 


4 
1-DAYS, CORRECTED FOR INITIAL LAG 
FIGURE 2.—B.0.D. (20°C.) of beet sugar end liquor. 
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is indicated by the relation between 
the 1-day and 5-day tests, a more thor- 
ough investigation of the velocity of 


the B.O.D. reaction is in order. 


Summary 


now be 
and 
characteristics of 


Although 
ing made in the 
evaluation of the 


vreat strides are 


determination 


sewage and industrial wastes, in prac- 
tice there is a tendency to regard the 
5-day B.O.D. and suspended solids as 
the sole criteria of strength and be 
particularly 
factor, 
further inquiry into the nature of the 


havior. In many cases, 


where industrial wastes are a 


sewage or waste will reveal character 


istics of fundamental significance to 
works and to 


their 


the design of treatment 


the evaluation and control of 
performance 

In considering a few of these char 
that the total 


industrial wastes di- 


acteristies, it is noted 


solids tests of 


rectly reveal all losses of material to 
therefore, are often of 
vreat interest to the industrialist. 
The relation of the B.O.D. to the total 


organic matter is a useful tool in deal 


the sewer, and, 
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ing with wastes from the food proces- 
ing industry. 

The determination of settleable sol- 
ids by weight merits greater attention, 
both in preliminary investigations and 
in evaluation of plant performance. 
Likewise, the determination of the 
B.O.D. after settling is of value in 
estimating the removal which may or 
should be obtained. Wide 
from B.O.D. removal 
encountered, as cited by examples, and 


variations 
normal may be 
if not anticipated may cause an over 
load on secondary treatment facilities 
or on receiving waters. 

Deviations from normal in the rate 
of the B.O.D. reaction may occur more 
frequently than has been suspected. 
A high rate of utilization 
manifestly has an adverse effect on dis- 
and on oxidation 
factor in 


oxygen 


posal by dilution 
ponds, and may be a sub- 
standard performance of other secon- 
treatment For ex- 
ploratory purposes, the velocity con- 
stant, k, of the B.O.D. equation can be 
estimated simpl; from the ratio of the 
l-day to the 5-day B.O.D. More thor- 
ough analyses are warranted when sig- 


darv processes. 


nificant deviations are encountered. 
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Because of the extreme interest in and 
extensive discussion of matters pertaining 
to admission of industrial wastes into 
municipal sewers, the Council of the South 
African Branch, Institute of Sewage Puri- 
fication, has prepared a memorandum ex- 
pressing its views in this regard. It is 
pointed out that the recommendations do 
not constitute a definite policy, but are in- 
tended, with modifications to suit local or 
specific conditions, to be of assistance to 


local authorities wishing to regulate ae- 
ceptance of industrial wastes and the 
charges for such service. 

The recommendations concerning domes- 
tie sewage and wastes from existing or 
proposed industries are as follows: 


1. A local authority should be prepared 
to take the whole of the town’s water-borne 
wastes, domestic and industrial, into its 
sewerage system for treatment, within the 
limits of safe functioning of its sewers and 
sewage disposal works. 


2. It should be understood, however, that 
a local authority retains the right to refuse 
admission of certain industrial wastes, on 


account of their danger to health, damage 

to sewers, or not being amenable to treat- 

ment, or on account of the wastes placing 

un unreasonable load on the existing treat- 
ment facilities. 

3. It is necessary to draw attention to 
the need for the local authority to plan 
ahead and provide adequate treatment for 
the community's water-borne wastes. 

4. The loeal authority shall have the 
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right to charge for the acceptance and 
treatment of industrial waste without 
prejudice to any sewer or other conven- 
tional fees. 

5. The charges for industrial waste dis- 
posal should be in relation to the waste 
load contributed by the industry. 

6. The charge levied against an in- 
dustry for the load contributed should not 
be made with a view to profit or loss, 
but should be based on the established cost 
price of treatment of the mixed sewage 
entering the works. 

7. The preceding clauses do not in any 
way debar the local authority from grant- 
ing a rebate on the industrial waste 
charges. 

8. The local authority should prescribe, 
where necessary, a minimum pretreat- 
ment of the industrial waste to make the 
condition thereof compatible with the safety 
of the main sewer, the sewage disposal 
works, and structures connected therewith. 

9. In the case of proposed industries, 
the local authority should insist on the sub- 
mission by the industry of all relevant in- 
formation, and of a sample typifying the 
anticipated industrial waste. Such a sam- 
ple, and the anticipated daily discharge 
volume, should enable the local authority 
to decide whether it will accept the in 
dustry, and under what conditions. 

10. There should be at least a measure 
of regional uniformity among local authori- 
ties with regard to their policies for ac 
ceptance and treatment of industrial 
wastes. 
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HIGH-RATE ANAEROBIC DIGESTION OF 
INDUSTRIAL WASTES * 


By Harry W. Geum 


Technical Advisor and Development nginee 


AND VauGuHN C. BEHN 


espectively, Nationa’ Council for Stream 


Improvement of the Pulp, Paper and Paperboard Industries, New York, N. ¥ 


The term ‘‘high-rate anaerobie di 
gestion’’ is employed by the authors 
to describe this process rather than the 
more scientifically correct one used by 
Buswell (3 that is, ‘‘methane fer 
mentation’’—-as it is felt that the 
former implies a waste treatment proc 
ess, and the latter a process earried on 
with the purpose of producing an end 
product of commercial importance 
\s the methane produced is seldom in 
excess of that required to meet inherent 
thermal requirements, and the process 
is basically identical to the sewage 
sludge digestion process, the former 1s 
yy rhaps the best descriptive term as 
far as the waste treatment field is con 
cerned 

This item is brought forth because 
one of the purposes of this paper is 
to demonstrate the difficulty of com 
paring past results of both research 
and practice, due to variations in 
nomenclature and analyses employed, 
and to plead for standard terms for 
expressing results obtained so that 
various projects can be better com 
pared and evaluated. <A further pur- 
pose is to poimt out the extent olf 
progress in the development of high- 
rate anaerobic digestion and the ad 
vances responsible for this progress; 
also to suggest a procedure likely to 
lead to improved efficiency and 
broader application. In doing. this, 
research on its application to pulp and 
paper waste problems is incorporated 

* Presented at 1949 Annual Meeting, 


Pennsylvar 1 Sewage and Industrial Wastes 
Assn.; State College, Pa.; Aug. 24-26, 1949 


Origin of Process 

The high-rate anaerobic digestion 
process was developed as an outgrowth 
of a broad experimental program car- 
ried on by Buswell and Hatfield (1). 
This program consisted of laboratory 
and laboratory-sized pilot plant ex- 
periments, in which a wide variety of 
liquid wastes were digested anaerobi- 
cally. Although many of these were 
highly fibrous in nature, or contained 
much suspended organic matter, some 
consisted mainly of dissolved organic 
matter. The discovery that short 
periods of digestion could reduce the 
B.O.D. of wastes of the latter char- 
acter to a high degree led to the de- 
velopment of a digestion process by 
Buswell and LeBosquet (2) for dis- 
tillery waste. The short detention 
periods and apparent high digester 
loadings obtained with this and similar 
wastes led to the designation of ** high- 
rate’’ as applied to this process. 


Present Status 

High-rate anaerobic digestion is now 
filling a need for a process capable of 
handling wastes high in dissolved or- 
ganic matter, which either cannot be 
handled by aerobic processes or only 
at extremely high capital and operat 
ing costs. It has been applied to beet 
sugar, wool scouring, milk, yeast, 
natural gum, distillery, starch, rice, 
eandy, anti-biotic, and other organic 
manufacturing wastes. Because a 
number of wastes produced by pulp 
and paperboard production appear 
amenable to such treatment, it is nat 
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ural that its effectiveness for purify- 
ing these be investigated. Buswell 
and Sollo (3) studied its application 
to fiberboard waste. Under fellowship 
grants from the National Council for 
Stream Improvement the following 
projects are underway involving this 
Process : 


Waste Laboratory 


Strawboard wastes 


Chipboard concentrate, rag, 

rope, and jute cooking liquors 
Semi-chemical pulping liquors 
Sulfite waste liquor 


Although three of these projects are 
still in the laboratory or laboratory 
pilot plant stage, the strawboard proj- 
ect is now in large-scale development 
at The Terra Haute Paper Company’s 
plant at Terra Haute, Ind. The basic 
studies behind this development work 
have been reported by Bloodgood and 
Hargleroad (4) (5) and Bloodgood and 
Kinnaman (6). 

In order to determine present effi- 
ciency levels and evaluate the degree 
of progress made in recent years in the 
application of high-rate anaerobic 
digestion to various trade wastes, it 
was first necessary to decide on what 
indices of performance constitute the 
best criterion of efficiency. Because 
the use of the process is primarily to 
reduce the B.O.D. of the wastes and 
volatile matter determinations are so 
subject to error and hard to interpret 
as to their effect on a receiving stream, 
it was decided that the B.O.D. alone 
should be used as the basie determi- 
nant. Unfortunately, in much of the 
past work volatile matter has been 
most frequently used as the basic 
index of digester loadings, gas pro- 
duction, and purification. This is 
believed to be a poor method of meas- 
urement, as some of the substances 
entering into the process are volatile, 
and volatile acids are produced by it. 
These are lost on drying in the solids 
determination. Another important 
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error occurring is the loss of CO, from 
carbonates and bicarbonates on ashing, 
which is reported as volatile matter. 
This loss can be compensated by am- 
monium carbonate treatment of the 
ash. However, it is doubtful if this 
procedure was employed in any of the 
reported work. 


Researchers 


Bloodgood, Hargleroad, and 
and Kinnaman 


Rudolfs, Nemerow, and Amberg 
Vilbrant, Murphy, and Kress 
Graf and Ross 


Necessary Information 


The wide use of volatile matter as 
an index of process performance has 
made comparison of results obtained 
with various wastes on the B.O.D. 
basis difficult, as in many instances 
necessary data were lacking; in others, 
considerable recalculations were re- 
quired. From examination of all 
available data, together with experi- 
ence with the process, the conclusion 
has been reached that the following in- 
formation is required for evaluation 
and comparison of high-rate anaerobic 
digestion studies and practice, as well 
as control of the process itself. 


1. Analysis of the waste, including 
total solids, volatile solids (ammonium 
carbonate modification), total sus- 
pended solids, volatile suspended sol- 
ids, pH, acidity, alkalinity, sulfates, 
nitrogen, phosphorus, 5-day B.O.D., 
sugars, solvents (if present), and toxic 
substances (if present). 

2. A knowledge of the range of 
B.O.D. variation in normal waste flow. 

3. Average B.O.D. (5-day) value of 
the waste feed. 

4. Average B.O.D. (5-day) value of 
the effluent. 

5. Digester loadings in terms of 
pounds of B.O.D. (5-day) per day per 
eu. ft. of digester capacity. 

6. Displacement detention time in 
digester. 
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7. Gas production per pound of 
$O.D. (5-day destroyed. 


Temperature of digester. 
9. Nutrient addition in terms of ele- 
mental phosphorous and nitrogen 


10 


any 


Degree of agitation provided, if 


1] Suspended solids content of di- 
vester in terms of percentage in total 
digester liquor 

12. Volume 
sludge removed from digester, 


13. As! 


In addition, 
tent of the 
both for control and interpretive pur- 
Because the B.O.D, determina- 
5 days for completion, 


of 
if any. 
content of digester sludge. 


and consistency 


the volatile acid 
digester liquor is useful 


con- 


poses 
tion requires 
it is suggested that the ratio between 
the B.O.D. and O.C. values for each 
raw waste be established, so that the 
latter may be employed as a working 
index of digester loading. 

It is believed that progress would be 
accelerated if all experimental work 
were reported in accordance with the 
above outline in the future, as direct 


comparisons of all studies could be 
readily made 
Experimental Results 
In order to determine the state of 


the art, 10 wastes for which recent and 
reliable experimental data exist were 


TABLE I. 
Dig B.O.D 
Loading Det 
Wa b. B.O.D./| Time 
ft jays Feed 
tay 
Settled strawboard 
0.064 3.1 1,833 
Chipboard cone 0.034 5.0 2,180 
Fiberboard con 0.040 5.0 5,350 
Semi-chemical 
pulping 0.025 10.0 3,020 
Wool seouring 0.022 20.0 8,600 
Compressed yeast 0.100 2.0 4,000 
Natural gum 0.030 5.0 2,100 
Milk (whey 0.020 32.000 
Distillery 0.070 15,500 
Penicillin 0.038 20.0 6,680 
+} 
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selected and performance figures tab 
ulated. In Table I, digestion per- 
formances obtained for 4 pulp and 
paperboard wastes are compared with 
those of 6 
yeast waste figures were obtained from 
pilot plant research conducted by Ru 
dolfs and Trubnick 
for natural wastes 
from laboratory studies conducted by 
Logan and Rudolfs (9). Pilot plant 
tests by Singleton (10 provided the 
data on wool scouring waste. The dis 
tillery and milk waste figures were ob- 
tained from reports of both plant and 


others. The compressed 


. and those 


processing 


{ 


gum 


laboratory investigations of Buswell 
et al. (1)(2), and the penicillin waste 
work from laboratory studies con 
ducted by Heukelekian (11 The 


pulp and paperboard information was 
assembled from studies 
by Buswell and Sollo (3) and prog- 
the National Council 
Improvement previously 


laboratory 


ress reports of 
for Stream 
referred to, as well as some as vet un- 
published reports 
data 
sults; 


Strawboard waste 


represent large pilot plant re- 


figures, continuous 
The 
pulping liquor data were derived from 
plant 
tions. Because experience has shown 
that of properly condueted 
laboratory experiments can be dupli- 


chipboard 


laboratory tests semi-chemical 


laboratory-size pilot nvestiga- 


results 


cated in full-scale operation, it is be- 


High-Rate Anaerobic Digestion Performance for Various Wastes 


5-Day 


Temp pH Nutri- | Agita- 
| 
200 | 89.1 8.0 32 441 No Yes 
500 | 76.6 &.0 30 7.0 Yes No 
S10 | 84.9 30 Yes No 
430 | 85.8 30 | 7.5 | Yes | Yes 
1,010 | 88.2 35 No | Yes 
100 | 90.0 7.5 30 | 7.0| No | Yes 
122 | 91.5 20 7.0 No No 
2,425 | 92.4 28 No No 
1.750 | 88.7 56 No No 
1,270 | 81.0 20 8.0 | No No 
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lueved that such figures are compar- 
able. 


Loadings and Detention Periods 


Examination of the digestion data 
reveals that high B.O.D. reductions 
were attained by digestion of all 
wastes. The loadings and detention 
periods required varied considerably. 
Loading rates fell into two general 
classes—those approaching 0.04 Ib. 
B.O.D. applied daily, and those ap- 
proaching 0.10lb. In the former 
group, chipboard, fiberboard, wool 
scouring, and penicillin wastes are 
close to the 0.04-lb. loading level. The 
natural gum processing waste experi- 
ments were conducted at a lower tem- 
perature, which probably accounts for 
the lower loading limit. Experimen- 
tal work has not yet established a 
limit for semi-chemical waste liquor. 
Due to operating difficulties, a limit 
could not be firmly established for the 
wool scouring wastes (10). The milk 
waste studies were conducted when 
relatively little was known about the 
process, so that the loading limit was 
probably not reached. In all proba- 
bility these wastes could be handled 
at loadings of at least 0.04 Ib. at 30° 
to 35° C. This level appears to be 
the present mesophylie limit for most 
wastes when agitation is not provided 
in the digester. Evidence of the ex- 
istence of this limit, in addition to that 
presented here, was deteeted through- 
out pursuance of the literature. 

Loadings appreciably above this 
level are noted for settled strawboard 
waste, compressed yeast waste, and 
distillery waste. Evidence is at hand 
which proves that agitation is respon- 
sible for the high loadings obtained 
for the yeast and strawboard wastes, 
while the thermophylic temperature 
employed accounts for the high dis- 
tillery waste figure. Considerable 
observations are reported which estab- 
lished a loading limit in the neighbor- 
hood of the 0.1 lb. for yeast waste. 
\ maximum has not yet been attained 
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in the strawboard studies, but the 
same limit probably applies to straw- 
board as well. It can be coneluded, 
therefore, that, for most wastes of the 
type amenable to this treatment, di- 
gester loadings of 0.04 Ib. of B.O.D. 
per cu. ft. per day can be obtained, 
with resultant high B.O.D. reduetions 
and stable operations. In the case of 
some wastes, the loading can be in- 
creased to about 0.1 lb. by means of 
thermophylic temperatures or agita- 
tion. These devices do not result in 
increased efficiency with all wastes. 
An example is the chipboard waste, 
for which poorer results were obtained 
both with agitation and thermophylic 
digestion. Buswell (1) reports un- 
satisfactory results for thermophylic 
digestion of a number of wastes. The 
character of the solids may have much 
to do with this, as wastes relatively 
free of suspended matter appear to 
respond best to agitation and higher 
temperature digestion. 

The data on detention time and ini- 
tial strength of influent waste in 
terms of the 5-day B.O.D. vield some 
interesting relationships. Most of the 
wastes, for which 0.04-lb. B.O.D. load- 
ings sufficed, required a 5-day deten- 
tion period. <As indicated in Table 
II, these had initial B.O.D. coneen- 
trations ranging between 2,000 and 
5,000 p.p.m. The two exceptions— 
penicillin (B.O.D. approx. 7,000 
p.p.m.) and wool scouring (B.O.D. ap- 
prox. 9,000 p.p.m.) wastes—required 
20-day detention periods. 


TABLE II.--Comparison of Loading, Detention 
Time, and Initial Strength of Wastes 


| 


Loadin, Det. Kaw 

Type of Waste | (lb. B.O.D./| Time Waste 

| cu. ft./day) | (days) B.0.D. 

Strawboard 0.10 2 2,000 
Yeast 0.10 | 2 | 4,000 
Chipboard 0.04 5 | 2,000 
Fiberboard 0.04 5 | 5,000 
Natural gum 0.04 5 2,000 
Penicillin 0.04 20 7,000 
Wool scouring 0.04 20 9,000 
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The wastes for which 0.10-lb. load- 


ings are possible appear to require 


only 2-day detention. The strength of 
these wastes (strawboard and yeast 
was in the same range as the lower 
loading limit group 


Strength of Wastes 


The two wastes requiring 20-day de- 
tention periods were both strong ones. 
This is indieative of the existence of 
a time-concentration function. There 
is little doubt that function 
exists, but it is doubtful if it explains 


such a 


entirely differences in results with 
wastes of varying concentration. The 
character of the organie matter de- 


composed, and the presence of extra 
neous which may have a 
mild inhibiting effeet on digestion, are 
probably also involved, 

Another factor that can be of para- 
importance to the detention 
is the suspended solids 

Too 
little attention has been given this fae 
tor. and for most wastes little data are 


substances, 


mount 
requirement 


content of the digester liquor. 


available from which comparisons can 
be made. As the sludge present in the 
digester carries the organisms respon 
sible for the « 
essentially consists of providing close 
contact of the with the active 
sludge, it is reasonable to assume that, 
at least up to a certain limit, the more 
the digester 
the vreater the activity. This has been 
case with activated sludge 


ivestion, and the process 


waste 


sludge solids present in 
proven the 
reason to believe that 


should 


and there 1s no 
the quantity of seed material 
not likewise be important to digestion 
Undoubtedly, sludges vary to some de 
content 
obtain in 


active organism and 


vree 1n 


effectiveness; however, to 


formation regarding those variations, 
comparable concentration data must 
be made available 
(fas Production 

Gas production information that 
could be caleulated on the B.O.D 


basis showed that 
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vas is produced per pound of B.O.D. 
destroyed, irrespective of the waste 
treated. As the gas produced from 
practically all such fermentations con- 
tains relatively the same percentage 
of methane, these figures are equiva- 
lent on the heat value basis. 

Unless adjusted artificially, results 
all show that a stable digestion takes 
place in a pH range of from 7.0 to 7.5. 


Nutrients Needed 


Nutrients must be added to any type 
deficient in nitrogen and 
phosphorous. For these additions, an- 
hydrous ammonia and super-phos- 
phates of the type used as fertilizer 
are both satisfactory and the most eco- 
nomical. Nutrients were required for 
all the pulp and paperboard wastes, 
with the exception of strawboard waste. 


of waste 


Requirements for anaerobic decompo- 


sition are considerably lower than 


those for aerobic oxidation 


Mechanical Requirements 


Mechanical requirements for carry- 
ing on the high-rate anaerobic diges- 
tion process are well understood and 
in recent years conventional systems 
have been improved and new methods 
have also been devised and are under 
test 
conventional digesters equipped with 
peripheral weirs at the surface to take 
off the supernatant. 
tion was generally employed, because 
it facilitated control. As the necessity 
for good distribution 
understood, digesters were equipped 
with manifolds and nozzles to distrib- 
ute the influent at the bottom of the 
A system devised by Gehm and 
(12 external 
sludge-liquor separation and a com- 
pletely agitated digester. It has the 
obvious advantages of lower volume 
control. 
can be 


Early systems consisted of tall 


Two-stage diges- 


raw waste was 


tank. 


Morgan provides for 


requirements and _ easier 
Whether higher 
tained than with conventional equip- 


A pilot unit 


loadings ob- 


ment remains to be seen 
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of this type designed for strawboard 
waste studies has been deseribed (12). 

It is understood that Rudolfs and 
Trubnick have suggested a two-stage 
system in which the flow ean be re- 
versed. This gives promise of improve- 
ment over the conventional two-stage 
system. 

Conclusions 


It appears from the above discus- 
sion that both process- and equipment- 
wise we are approaching the immedi- 
ate limit of efficiency obtainable for 
high-rate anaerobic digestion of trade 
wastes. Unless higher levels of effi- 
ciency can be reached, this process will 
have quite limited application. The 
limiting factor inherent to the process, 
as pointed out by Sehlenz and Buswell 
(13) (14), is that at excessive loadings 
volatile acids accumulate and vas pro- 
duction fails to keep step. On con- 
tinued overload, volatile acid formation 
is also inhibited. The latter is to be 
expected, as it is well-known that high 
concentrations of the end product of 
a particular fermentation will inhibit 
the organisms responsible for it. It is 
the general belief that the acid ac- 
cumulation is also responsible for the 
diminution of activity of the organisms 
responsible for methane production. 
Although this may be true, there is 
some evidence to show that the char- 
acter of the gas is altered on overload 
before changes in other indices of op- 
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eration, including high volatile acid 
accumulation, are evident. This may 
be only a more sensitive indication of 
the effect of the volatile acids on the 
methane organisms, or may indicate 
that another end product of the acid 
forming organisms appears at high 
metabolic levels, and is responsible for 
the inhibition of the gas formers. 

One must conclude, in considering 
the above observations, that if further 
progress is to be made in developing 
the high-rate anaerobie digestion 
process, it must come from the labora- 
tory. The end of the road is being 
rapidly reached on testing this process 
for various wastes. It is proving ap- 
plicable to some and not to others, 
mainly because of general limited effi- 
ciency. Until more is known of the 
mechanism of the process, particularly 
under conditions of very high load 
further progress cannot be anticipated 
The work of Buswell, Barker, and 
Heukelekian in this direction is to be 
commended and should be extended in 
the future at the possible expense of 
further testing work. 

Although little new has been pre- 
sented in this paper, liberal interpre- 
tations of data have been made, and 
speculative reasoning resorted to at 
times, it is hoped that it will serve 
its purpose—that of an appraisal of 
a most important industrial waste 
treatment development. 
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surveys contemplated by the Commis 
sion 


There are approximately 175. coal 


preparation plants in West Virginia. 
Of that number, less than 10 per cent 


have approved waste treatment. The 
greater percentage of these washeries 
are located in the southern field 
Waste from a coal washery is usu 
ally in the form of fine coal, slag, and 
clay, which appears in the stream as 
black or grey suspended solids or 
turbidity and tends to form a_ black 
sludge bed on the bottom of the stream 
These wastes impair recreational fa 


cilities, damage sand and gravel, in 
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WASTE STUDY 


crease the cost of water treatment for 
publie consumption, deposit on bot- 
tom land during periods of high flow, 


fill up the deep pools where fish usu- 


ally live, blanket spawning beds and, 
in general, impart an unwholesome and 
unattractive black coloring to the 
streams 

Krom the study the Water Commis- 
sion anticipates developing and pub- 
lishing a coal washery waste manual, 
which will serve as a guide to the in- 
dustry in planning waste treatment 
facilities. 

Funds for the study have been made 
available to the state as a grant from 
the Federal government through Pub- 
lic Health Service, under the provisions 
of Public Law 845, the Federal Water 
Pollution Control Act of 1948. 
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MILK WASTE TREATMENT BY AERATION * 


By Frank J. McKee 


Sanitary Engineer, Kraft Foods Co., Chicago, Ill. 


Disposal of waste from dairy plants 
has become an important problem be- 
cause of the increased interest of the 
public in stream pollution and because 
of the increasing size of many dairy 
plants. Crossroads cheese factories 
and creameries are becoming fewer in 
number. Large milk processing 
plants, which may handle several 
hundred thousand pounds of milk 
daily and are equipped to manufac- 
ture a variety of products, are becom- 
ing more common. Forces behind this 
movement are the same that have led 
to centralization of other industries; 
namely, it has been found more effi- 
cient to operate a few large plants 
than many small ones. Although this 
tendency cannot be earried out as com- 
pletely in the dairy industry as in 
others, there is a definite trend in that 
direction. Concentration of operations 
has produced a corresponding concen- 
tration of dairy processing wastes, 
which may require attention to pre- 
vent overloading of existing waste 
treatment plants and resultant stream 
pollution. 

Wastes result from every process in 
the dairy plant that involves the 
handling of milk. The high standards 
of cleanliness that are maintained make 
it impossible to use any milk which has 
been contaminated in any way. This 
makes it imperative to prevent loss, 
rather than to recover loss as can be 
done in some industries. The dairy 
industry, including equipment manu- 
facturers, has been continually improv- 
 * Presented at 1949 Annual Meeting, Ken- 
tucky-Tennessee Industrial Wastes and Sew- 
age Works Assn.; Lexington, Ky.; Oct. 
31-Nov. 2, 1949. 


ing its equipment to reduce the loss of 
milk to a minimum. Modern milk 
handling equipment can now be pro- 
vided with automatic controls to pre- 
vent the loss of milk due to improper 
operation. The use of modern equip- 
ment, together with the training of 
operators in its proper use with em- 
phasis on the importance of waste pre- 
vention, can result in a substantial 
reduction in milk solids loss. 

It is profitable for the dairy plant 
operator to spend his money for im- 
proved milk handling equipment, such 
as modern can washers equipped with 
drip collectors, airtight separators 
which prevent the loss of foam, closed 
whey piping systems on cheese vats, 
and automatic level controllers for 
tanks. These are outstanding ex- 
amples of new equipment and installa- 
tions which increase the product yield 
for the plant operator and reduce his 
waste treatment problem. The pro- 
gram of waste saving is important not 
only in reducing stream pollution, but 
also in conserving a vital food prod- 
uct. It is the opinion of those con- 
cerned with dairy waste treatment that 
every plant should be given an oppor- 
tunity to conduct a waste saving pro- 
gram in its plant and to obtain mod- 
ern equipment designed to reduce 
milk loss before being required to con- 
struct a waste treatment plant. 


Experimental Plants 


During the past two years, several 
waste treatment plants using aeration 
for purification have been built. Two 
experimental plants were first con- 
structed to determine on a full seale 
the effects of aeration, These plants 
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consisted of a grease trap, pump 
sump, a eylindrical 8,.700-gal. steel 
tank, and an outlet weir box. Piping 
was so arranged that the waste passed 
through the grease trap and entered 
the pump sump (Figure 1), and then 
was pumped into the above-ground 
eylindrical steel tank, in which com 
pressed air nozzles were installed to 
provide aeration of the waste. The 
nozzles were installed off center at the 
bottom of the tank to produce a roll 
ing motion of the liquid 

Compressed air was supplied by 
means Of a 51-e.f.m. rotary blower 
Blower and pump operated continu 
ously 24 hr. per day. The overflow 
from the tank discharged through a 
float valve, which returned water to 
the pump sump and allowed only the 
excess Water to pass to the outlet weir 

The plants were designed to provide 
a minimum degree of treatment, and 
were built with the intention of using 
them as experimental plants to deter 
mine the feasibility of aeration as a 
means of treatment. Numerous tests 
have been made at these plants Rep 
resentative results for a 4-day operat- 
ing period are shown in Table T (Plant 
A) for a plant producing Cheddar 


cheese. The whey was trucked away 


from the plant The aeration process 


produced a light sludge, whieh was 
usually white in eolor, but sometimes 
developed an orange or red tinge. Tt 
was apparent that the plants were 
insufficient in size and blower capacity 
to provide a completely stabilized efflu 
‘nt. lIlowever, they did indieate that 


FIGURE 1.—Milk waste treatment facil- 
ities at Plant A, showing grease trap, pump 
house, and aeration tank, 
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TABLE I.~-Representative Operation of 
Experimental Milk Waste 
Aeration Plants 


Plant Plant Plant 
\ B 
Milk intake (ib. ‘day 58,200 | 153,000 | 71,300 
Waste volume (g.p.d 7,600 15,960 | 16.500 
Settling of waste No Yes Yes 
Recirculation of waste You Yes No 
day B.O.D. Ob. day 
Influent 12 200 168 
fhluent 78 81 au 
Reduction (°; 37.0 69.0 65.0 
\eration tanks 
(gal 8.780 16,800 22,220 
Cheor. ret. time (hr 28 25.3 $2.3 
Air supplied fim 51 70 70 
Vol. of air (« ft 588 387 600 
Ov» supplied (It lay 1,190 1,618 1,618 
20-day B.O.D. red. (it 69.0 263.0 160.0 
util. eff 58 16.3 


' Includes considerable storm water 
* Per pound of 5-day B.O.D. in influent. 


the aeration type of treatment had 
some merit and was worthy of further 
investigation The plants were de- 
signed so that additions could be made 
to improve the efficiency of operation 

The next step in experimenting with 
aeration as a means of waste treat 
ment was the construction of an addi- 
tion to an existing waste treatment 
plant. The original plant consisted of 
two large underground tanks, which 
served as septic tanks. Although these 
septic tanks had once provided a satis- 
factory treatment for the waste, the 
cheese factory had inereased in size 
to the point where the septie tanks 
were completely inadequate. New con- 
struction involved the installation of 
two cylindrical steel tanks set verti 
eally above ground. The first septic 
tank became a pump sump. Three jet 
nozzles were installed in each of the 
two steel tanks, and waste from the 
pump sump was pumped through the 
nozzles, where it was mixed with com 
pressed air and passed into the aera 
tion tanks. Two 75-g.p.m pumps and 
two 70-¢.f.m. rotary blowers were in 
stalled for operation and standby serv 
ice. The waste overflowed from the 
tops of the two steel tanks, which were 
operated in parallel, and approxi 
mately 25 per cent of the waste was 
passed to a small hopper bottom. set- 
tling tank. The remaining 75 per cent 
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of the waste was returned to the pump 
suction. The waste discharge to the 
hopper-bottom settling tank passed 
over an outfall weir to the stream. 
The sludge from the settling tank was 
pumped by means of two air lifts to 
the second large septic tank, which now 
serves as a digester. Surveys of this 
plant have indicated a B.O.D. reduc- 
tion of approximately 70. per cent. 
Average operating results for an 8- 
day period are shown in Table I (Plant 
B). This plant made Cheddar cheese 
and condensed whey in a double-effect 
evaporator. 

The next plant also utilized two 
existing septi¢g tanks, which were em- 
ployed as settling tanks before and 
after two cylindrical steel aeration 
tanks. Air was supplied to the waste 
through plastie thread wound diffusers 
mounted at the bottom of each of the 
aeration tanks. The two blowers had 
a capacity of 70 ¢.f.m. each. The pump 
from the first septic tank to the aera- 
tion tanks was operated by a_ float 
switch. There was no means of re- 
circulating the waste in this plant. The 
first aeration tank did not develop any 
sludge; apparently the anaerobie con- 
dition of the waste did not permit such 
growth. <A sludge did develop in the 
second aeration tank, which also pro- 
duced a thick ‘‘head’’ of foam. Al- 
though this was annoying, it did not 
interfere with the operation of the 
tank. Passage of the waste through the 
first septic tank reduced the 5-day 
B.O.D. by 15 per cent. The aeration 
tanks brought the reduction up to 70 
per cent. The final septie tank lost 
5 per cent, but removed 85 per cent 
of the suspended solids. Average re- 
sults of a 6-day operating period are 
shown in Table I (Plant C). Cheddar 
cheese was produced at this factory, 
the whey being returned to patrons. 

Plant A shows the least efficient ap- 
parent utilization of oxygen. How- 
ever, as no settling of the sludge was 
provided, the reduction was all due 
to oxidation of the organie solids. 
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Plants B and C were both provided 
with septic tanks for settling, in which 
the sludge formed in the aeration tank 
was removed from the effluent, thus 
increasing the efficiency of the process 
but leaving the operator with a sludge 
handling problem. It apparently is 
not practical to attempt to oxidize com- 
pletely the sludge formed in the aera- 
tion process. The most aggravating 
operating problem has been the hand- 
ling of the sludge. Trucking out the 
liquid sludge and dumping it in loca- 
tions where it will not cause nuisance 
appears at present to be the most prac- 
tical solution. 

The increased apparent utilization 
of oxygen in Plant C, as compared with 
Plant B, may be due to the difference 
in the methods of air diffusion and to 
the recirculation of the aerated waste 
to seed the incoming waste in the case 
of Plant B. 


Application of Test Results 


A completely new aeration plant em- 
ploying many of the same principles 
incorporated in the previously de- 
scribed plants was completed recently. 
This plant includes two aeration tanks 
and a hopper-bottom settling tank, op- 
erated in series, and a hopper-bottom 
digestion tank (Figure 2). Waste 
from the cheese factory passes over 
a weir to the pump sump and is 
pumped into the first aeration tank. 
It then flows by gravity through two 
aeration tanks and the settling tank. 
An air lift is installed to remove sludge 


FIGURE 2.—Recently completed milk 
waste treatment plant utilizing principles 
established in plant-scale tests. 
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from the settling tank and discharge 
t either to the digester or to the pump 
sump. The overflow from the settling 
tank passes over a weir and to the out- 
fall sewer. No composite samples have 
been taken at this plant, but some 
single samples have shown excellent 
B.O.D. reductions 

The plants described have demon 
strated that the aeration process for 
treating milk waste ean be operated 
even though the strength of these 
wastes may be as high as 2,500 p.p.m. 
d-day B.O.D., and that efficiencies up 
to 70 per cent reduction in B.O.D. are 
possible. The latest plant of this 
vroup now in operation should be con 
siderably more efficient than the 
others, as a settling tank and separate 
sludge digestion has been substituted 
for a septic tank as the final stage of 
the treatment. 

The most important point to be con- 
sidered in regard to these aeration 
type treatment plants is that they are 
comparatively low in cost in relation 
to waste treatment plants of the trick 
ling filter type. It is estimated that 
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an aeration-type plant can be built 
for approximately one-half of the cost 
of a trickling filter plant. In areas 
where power costs are reasonable, the 
operating cost of these plants is not 
excessive 

Because privately owned industrial 
plants must pay taxes as well as inter- 
est on the capital invested in waste 
treatment plants, it is to their advan- 
tage to keep that investment as low as 
possible. On the other hand, munici 
pally owned plants, which are not 
subject to property taxes, may justify 
a much larger investment in order to 
obtain some additional operating 
economies. . 

It is hoped that the experiences 
with these plants may be of benefit to 
others in the solution of their waste 
treatment problems 
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DISCUSSION 


By S. Leary JONES 


P Knaincer, Stream Pollution Contr 
State Dept. of Publ 


It is unfortunate that the selection 
of dairy plant sites is not the responsi 
bility of technical personnel such as 
Mr. McKee instead of the vice-presi 
dent in charge of locating new plants 
Proper selection of the plant site, good 
housekeeping, and adequate treatment 
works are three important considera 
tions associated with milk waste treat 
ment. Three new dairy plants were 
recently located in Tennessee with 


absolutely no consideration of the in- 
dustrial waste problem, which should 
have been anticipated. Two of these 
plants still have not obtained adequate 
water supplies. Both the water sup 


Division of Sanitary Engineering, 


Health, Nashville, Tenn 


ply industrial waste problem 
could have been prevented by a better 
selection of sites in the same areas and 
on the same highways. 

Mr. MeKee comments on the con- 
centration of operations, which has 
produced a corresponding concentra 
tion of industrial wastes. This need 
not cause stream pollution if the same 
careful attention is given to solving 
the industrial waste problem that is 
given to solving the production prob 
lem. It can and has been serious 
when the concentration occurs in a 
small town and the industrial wastes 
are discharged into the municipal 
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sewer without adequate pretreatment. 
This is especially true when the mu- 
nicipality does not expand its treat- 
ment works to treat the increased load. 

For example, in a town with a con- 
nected domestic population of 1,000, 
whose treatment plant also received a 
milk waste load from one plant equiva- 
lent to 4,000 persons, based on B.O.D., 
treatment is provided in an Imhoff 
tank and the receiving stream flow 
frequently drops to 1.0 e.f.s. A new 
petition is received each time the 
stream becomes septic. A similar 
situation has oecurred in a city hav- 
ing a connected sewage population of 
10,000, a sewage treatment plant de- 
signed for a population equivalent of 
12,000, and an industrial waste load 
—primarily milk wastes—equivalent 
to about 20,000 persons. The ex- 
pected condition occurred in the re- 
ceiving stream and another petition 
was received. 

Both the city and the milk indus- 
tries are at fault in these and other 
similar cases. The city has tried to 
vive or sell sewerage services that it 
does not have available to furnish, and 
the milk industries should have been 
aware of the situation that they would 
create. At least pretreatment would 
have been in order prior to the dis- 
charge into the city sewer. All in- 
dustries that discharge wastes into a 
city sewer should provide a method 
for measuring and sampling their 
wastes. This will prevent consider- 
able headaches for both the industry 
and the city when it is necessary to de- 
termine the load on the sewerage 
system. 

Mr. McKee has stressed waste sav- 
ing. This is quite important, but 
often neglected in the dairy plant. 
One plant recently examined was 
losing about 7 per cent of the milk 
processed, based on the pounds of 
B.O.D. in the effluent. This occurred 
during the winter when the cans of 
milk received at the plant contained 


a ring of milk-ice, which was carried 
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into the can washer. Other plants 
have been losing up to 5 per cent of 
the milk because of extremely careless 
operation. Well-operated plants that 
keep the losses to a minimum also are 
found, of course. 

Another incident is worthy of men- 
tion. The plant manager removed the 
the clear cooling water from the city 
sewer and found that the cooling 
water appeared to contain as much 
milk as the plant sewer. It seemed 
that there was a leak in one of the 
cooler shells. The manager still turns 
pale when it is suggested that the leak 
may have been there for years, Cor- 
rection of this leak reduced the milk 
lost to the sewer about 30 per cent. 

State engineers recently examined 
a milk receiving station that had in- 
stalled a recirculating trickling filter 
plant. Although the efficiency of 
treatment was about 92 per cent, the 
effluent still contained over 500 p.p.m. 
of 5-day B.O.D. because the untreated 
waste had a 5-day B.O.D. of about 
5,700 p.p.m. The plant did not have 
drip savers or a can washer. A\l- 
though milk losses were excessive, this 
plant is mentioned to stress one point 
in particular. Efficiency of treatment 
reported on a percentage does not tell 
the entire story. The receiving stream 
is interested only in the pounds of pol- 
lution in relation to the quantity of 
dilution water available in the stream. 

Whey is always a problem at cheese 
plants unless adequate provisions are 
made in the design of the milk plant. 
Within the past four months the whey 
tanks at three separate cheese plants 
have been seen overflowing to the 
sewer. Some managers frankly admit 
that all of the whey is discharged to 
the sewer. 

The Tennessee Stream Pollution 
Control Board has encouraged recov- 
ery and waste saving, giving them 
equal credit with treatment. The 
standard recommendation, in most 
cases, is that adequate recovery or 
treatment works be provided. The re- 


4 
14 
om 
| 
4 
a 
| 
} 
| 
} a 
| 
‘a 
— 


L046 


covery method, of course, should be 


reasonably foolproof. 
Treatment by aeration has consider- 


able merit and this development is 


being followed with considerable in- 
terest. As Mr. MeKee mentioned, one 
plant of this type is located in Ten- 


recently 
proved for a second installation. 


nessee and plans were ap- 
It is desirable and necessary for in- 
find better 
wastes. Com- 
panies that do not have staff personnel 


adequate treatment works 


dustry to experiment to 


methods for treating 
to design 


need the services of consulting engi- 


SEWAGE AND INDUSTRIAL WASTES 


August, 1950 
neers. A sad situation recently arose 
at a new milk plant that built a trick- 
ling filter to treat its wastes, without 
the benefit of technical advice. Load- 
ings on the so-called standard-rate 
filter were found to be 18,000 Ib. of 5- 
day B.O.D. per acre-ft. per day. The 
existence of the plant was unknown 
until after the milk plant 
pleted and placed in operation. 

[ wish that Mr. MeKee had men- 
tioned the work being done by the 
Dairy Task Committee, which has out- 
lined a program that it is hoped will 
produce results 


was com- 


CORRECTIONS—1949 INDUSTRIAL WASTES FORUM 


“Forum on 
1950), 


In the 
JOURNAL, June, 
noted. On 


Industrial 
two errors in the transcript have been 
page 779, under the heading ‘‘ Discussion,’’ Prof. 


Waste Problems’’ 


Bloodgood’s question should read, ‘‘Do you allow the operation 
of lagoons for canning waste in New York State without the 


addition of nitrate?’’ 


Also, on page 787, Mr. Gurnham’s discussion should read, 
‘It is a well-known fact, chemically, that sodium sulfide has a 


chlorine demand, 


and so has sulfite.’’ 
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AUTOMATIC WASTES SAMPLER * 


By 8. C. Gray, R. J. Trost, anp D. V. Moses 
FE. I. du Pont de Nemours Co., Belle, W. Va. 


In the river pollution abatement 
program of the du Pont Company, it 
was early recognized that collection of 
representative samples of sewer efflu- 
ents was of prime importance. As 
experience showed that the manual 
collection and compositing of hourly 
samples was both laborious and un- 
satisfactory, efforts were turned toward 
automatic collection of a representa- 
tive sample. 

Sewer conditions at the Belle plant 
impose severe service conditions on 
such a sampler, primarily because of 
the required 18-ft. suction lift, but 
also because of high channel velocities 
and suspended air. The struggles .to 
evolve a serviceable sampler, extend- 
ing over a period of about 10 years, 
will not be detailed here; it is suffi- 

* Presented at 1949 Annual Meeting, West 


Virginia Sewage Industrial Wastes 
Assn. Wheeling, W. Va.; Sept. 20 22, 1949. 


cient simply to state that a wide va- 
riety of pumps and flow splitters were 
tried. The form of intermittent, 
short-cycle sampler finally developed 
is satisfactory for the use intended, 
and a number of them have been in 
service for more than a year. 

The arrangement of the sampler is 
shown in Figure 1. In this unit, a 
flow of about 5 g.p.m. is drawn con- 
tinuously by a jet pump, of the shal- 
low well type, through the inlet pipe, 
which faces downstream to avoid in- 
clusion of sand or other suspended 
matter. The discharge of the jet 
pump passes through an elevated 
vented overflow pipe to waste. A so- 
lenoid valve, controlled by a timer and 
installed in a side connection below 
the overflow, intermittently opens to 
allow the quantity desired for samp- 
ling to enter a stainless steel drum, 
where it is periodically mixed and 
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FIGURE 2. 


In the device, which has an 
pipe 2-ft. 
the valve, a sample drawn at 
approximately fills 

The lab 
while the 
of one of 


sampled 


overtlow viving a head on 
10-see 
2-min. intervals 
the 55-gal. drum in 24 hr 


oratory sample is drawn 


drum is draining A view 


the sampler installations is shown in 
Figure 2 

A more elaborate alternate type of 
sampler, which will collect a sample 
flow, re 
quires the substitution for the timer of 


proportior ate to the sewer 


a standard integrating flow recorder 


equipped with electrical contacts and 


a timing relay The recorder mav be 


used with a Kennison nozzle, Parshall 
flume, or other flow-measuring device 
at the sewer outlet. Contact 
by the recorder after passage of a pre- 
determined and the relay 
maintains the contact for the required 


is made 
volume 


period, allowing the sample to flow 
into the container. <As the flow in 
these particular sewers is substantially 
the outfalls 
are submerged so that measurement is 


constant, and as most of 


difficult, no occasion has arisen to use 
this alternate device. Its practicabil- 
ity is a reasonable certainty, however 
similar 


experience with 


equipment in water treatment 


because of 
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Industrial wastes and water pollu- 
tion problems resulting therefrom con- 
stitute a major phase of the Federal 
program for water pollution study and 
control. In discussing this subject, it 
should be noted at the outset that it is 
not intended to do industry’s job, but 
rather to supplement the research be- 


ing conducted by industry. This 
paper briefly deseribes industrial 


waste pollution abatement trends, out- 
lines the current approach to the prob- 
lem, and indicates the response of in- 
dustry. 


Pollution Abatement Trends 


The American public is aware of 
the benefits which accrue to abatement 
of water pollution. This knowledge 
has come firsthand to millions who 
have been compelled, at times, to drink 
unpalatable water. Absence of normal 
aquatic life in streams draining 
densely populated, highly industrial- 
ized areas has provided further vis- 
ible evidence of damage to a common 
heritage. 

Since adoption of the water carriage 
sewage system, early in the 19th cen- 
tury, pollution of surface waters has 
increased steadily. Degradation of 
natural waters by polluting substances, 
in the form of industrial wastes and 
domestic sewage, has directed public 
attention to the dire need for compre- 
hensive corrective measures for restor- 
ation and protection of our streams, 
lakes, and coastal waters. 

Substantial progress was made in 
“Presented at 48th Annual Convention, 


National Lime Assn.; Hot Springs, Va.; May 
12, 1950 


FEDERAL INDUSTRIAL POLLUTION STUDIES * 


By Hayse H. Buack 


Chief, Industrial Waste Section, Environmental Health Center, U.S.P.H.S., 
Cincinnati, Ohio 


sewage treatment during the 1930's. 
Publie works projects during and fol- 
lowing the depression served as a 
stimulus, especially in construction of 
much-needed municipal sewage treat- 
ment works. This era of advancement 
in sanitation was disrupted by war 
seareity of building materials and 
high construction costs. The pendu- 
lum has now swung back and we are 
currently engaged in a_ nation-wide 
drive to curb water pollution. 

Enactment in 1948 of Publie Law 
845, officially designated the ‘* Water 
Pollution Control <Act,’’ has placed 
new emphasis on the industrial pollu- 
tion problem (1). This law recognizes 
the primary responsibilities of the 
states in controlling pollution, and of- 
fers, for the first time in the nation’s 
history, a broad coordinated program 
of water pollution control. 

Concurrently with drafting and en- 
actment of Federal water pollution 
control legislation, several states have 
passed new laws and others have 
strengthened existing statutes for con- 
trol of water pollution. Reeent forma- 
tion of the Ohio River Valley Water 
Sanitation Commission is another 
manifestation of the publie demand to 
abate pollution. 


Industry has joined forces with 
stream control agencies in this gi 
gantic task. It has been estimated 


that U. S. industries will invest more 
than $3,000,000,000 during the next 
decade in reducing water and air pol- 
lution (2). The consummation of such 
plans would be a powerful answer to 
the allegation that industry is drag- 
ging its feet in this program. 
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Approach to the Problem 


The three 
mental to 
waste pollution are : 


elements funda 
industrial 


basic 


correction of 


1. An active coordinated 
2. Industrial waste research. 
4. Application of findings 


program 


Program 


Acting in accordance with Public 
Law 845, the Public Health Service is 
approaching this problem jointly with 
state governments establishing 
close working relationships with in- 
dustry, municipalities, interstate agen 
cies, other Federal agencies concerned, 
and private organizations whose basic 
programs are related to industrial 
wastes and water pollution. The re 
cently organized National Technical 
Task Committee on Industrial Waste 
provides top level coordination (3) 

The Public Health 
large measure of state and 
is currently developing com 
programs for 11 major 
drainage basin areas covering the 
United States (4 The 
jectives of these comprehensive pro 
grams for water pollution control are 
to 


Service, with a 
local as- 
sistance 


prehensive 


primary ob 


1. Show existing stream conditions, 
including pollution load 
2. Determine essential stream uses 


eriteria 


3. Establish water quality 
for various uses 

$. Develop corrective measures based 
on the first three 


The primary functions of these re 


ports will be to 


1. Enable a stream to be considered 
as a unit, unbroken by political 
boundaries 

2. Provide related programs of pol 
lution 
same stream 

3. When summarized 
provide the country with a reasonably 
of the cost of pollu 


control for states using the 


‘ollectively, 


accurate pi ture 
tion control 
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4. Enable industry to learn what is 
expected of it in the way of cleaning 
up its share of stream pollution. 
uniformity from state to 
state in the degree of pollution abate- 
ment required under like cireum 
stances. 


5. Seeure 


Industrial wastes and problems at 
tendant therewith constitute an ever 
expanding frontier. When it 
ized that industry is applied science 
and that no bound- 
aries, the infinite possibilities in the 
allied field of industrial wastes be- 
come immediately apparent. Scien- 
tifie research and development create 
the foundation upon which modern 
industry builds. These same creative 
forces must continue to solve the new 
waste problems resulting from indus- 
trial expansion. 

Commendable research is being con- 
dueted by trade associations, profes- 
sional organizations, and 
foundations representing major indus- 
tries (5 Results of these projects 
should contribute to the solution of 
some of the more complex industrial 
A number of corpo- 
rations have established full-time re- 
search units for study of water pol 
lution problems. 

The Publie Health Service supports 
and industrial research 
in three ways (6): 


is real 


science possesses 


institutes, 


waste problems. 


fosters waste 


1. Environmental Health Center (E. 
H. C.) activities in with 
laboratory investigations field 


connection 
and 
studies. 

2. Grants to 
agencies for industrial 

3. National Institutes of 
grants to organizations and 
als for fundamental research. 


and interstate 
waste studies 
Health 


individu- 


States 


E. H.C. Laboratory Research 


The Environmental Health Center. 
located at Cincinnati, Ohio, is the tech 
nieal arm of the Publie Health Serv 
ice in the conduct of research and in 
vestigation in the field of environmental 
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health. The Center laboratory re- 
search having direct bearing on in- 
dustrial waste pollution problems cur- 
rently includes such projects as: 


1. Improvement, modification, and 
simplification of analytical procedures. 

2. Biological and chemical treat- 
ment of wastes containing radioactive 
materials. 

3. Study of factors governing the 
persistence of particular constitutents 
of industrial wastes in their travel 
through surface waters. 

4. Extraction and identification of 
organic pollutants present in drinking 
water taken from surface sources. 

5. Development and standardization 
of bio-assay techniques for determin- 
ing the toxicity of industrial wastes. 


H.C. Field Studies 


The Environmental Health Center 
industrial waste field studies are co- 
operative projects with the states and 
with industry, being conducted at se- 
lected manufacturing plants where the 
results promise to have national or 
regional significance. The typical field 
unit staffs are each composed of two 
engineers, two chemists, and three sci- 
entific aides. These teams operate 
from mobile laboratories, which are 
located at the industrial plants being 
studied. The industrial representative 
is usually from the research depart- 
ment, but may be from the engineer- 
ing department. Industry assumes re- 
sponsibility for installation of flow- 
measuring equipment when necessary, 
the collection of representative sam- 
ples, and utilities for the mobile lab- 
oratory. A single project is normally 
completed in one month, but may ex- 
tend through three months, depending 
on the magnitude of the problems. The 
technically trained field crews, collabor- 
ating with the industrial research de- 
partments, have contributed much to 
mutual understanding of industrial 


waste pollution problems. 
The field studies are as diversified 
Efficiency of by- 


as industry itself. 
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product recovery is frequently deter- 
mined. Evaluation of new waste 
treatment processes by pilot plant op- 
eration, or performance tests on full- 
scale equipment, are typical special 
studies. A solids or chemical con- 
stituent balance may be determined 
when significant. It is often possible 
to explain major variations in the 
characteristics of combined wastes 
from a plant by well-organized sur- 
veys. The potentialities of combining 
industrial wastes with domestic sew- 
age for treatment are almost unlimited. 
Concerted effort is being made to cor- 
relate industrial effluents studied with 
existing conditions in the 
stream. 

During the 1949 beet sugar season, 
a considerable amount of experimental 
work was done with these wastes, espe- 
cially the pulp water and pulp press 
liquor. Lime treatment of the pulp 
water and press liquor in a _ pilot 
plant, using a dose of 500 p.p.m. CaO 
and 2-hr. theoretical retention, gave 
90 per cent removal of suspended 
solids and 25 per cent B.O.D, redue- 
tion. Highly preliminary bacterio- 
logical studies revealed effective de- 
struction of thermophiles by lime 
treatment of this process water, sug- 
gesting possible further treatment by 
carbonation and its return to diffusion 
battery water make-up. Sludge from 
lime treatment was a_greenish-tan, 
viscous liquid ranging from 2.8 to 6.6 
per cent solids concentration, 
averaging 5.5 per cent. 

Another phase of the current field 
program is the detailed study of wastes 
from integrated steel mills, with em- 
phasis being placed on by-product 
coke operations. Each project con- 
tributes additional valuable informa- 
tion and suggests opportunities for 
further productive work, all directed 
toward permanent pollution abate- 
ment. Emphasis is placed on eoordi- 
nation and full utilization of the pro- 
fessional services of Environmental 
Health Center engineers, chemists, and 
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Data and information ob 
from field studies, technical 
literature reviews, and research will 


biologists 


tained 


serve as the basis for the preparation 
of ‘‘Industrial Waste Guides’’ for 
each major industrial waste 
The Water Pollution Control Act 
authorizes an appropriation of $1,000, 
000 per year ‘‘to be allotted equitably 
and be paid to States... and to 
interstate agencies for expenditure by 


Grants 


them for the conduct of investigations, 
research, surveys, and studies related 
to the prevention and control of water 
pollution caused by industrial wastes.”’ 
For the fiscal vear ending June 30, 
1950, these funds were allocated as 
follows $850,000; interstate 
agencies, $60,000; and special indus 


states, 


trial waste studies having regional or 
national significance, $90,000. 

Special industrial waste studies cur- 
being conducted under these 
grants include: 


rently 


1. Development of methods for treat- 
ing citrus canning wastes. 

2 Determination of the effect of 
toxic metal-plating wastes on biologi- 
cal sewage treatment 

3. Development of standards for in- 
dustrial wastes treatment methods 

| Development of methods for treat- 
ment and disposal of wool scouring 
wastes 
>, Study of the disposal of sugar 
beet wastes by the lagoon method 

6. Study the effects and tolerance 
limits of various industrial waste con 
stituents, including pulp and paper 
mills, on certain types of aquatic life. 


\ H Grants 


National Institutes of Health grants 
are confined to fundamental or basic 


eliminates de- 
work, experimental pilot 
plants, and field surveys. Since May, 
1949, funds totaling $115,661 have 
been authorized, covering 18 projects 


research. This policy 


velopment 


in the field of sewage and industrial 
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wastes. Other projects are being con 
sidered for approval and activation. 

In addition to the foregoing, a great 
many industrial waste research pro)- 
ects are in progress at individual man- 
ufacturing plants and in connection 
with advanced academic work. 
Application of Findings 

Research, in itself, is simply a scien- 
tific means to an end. It is of limited 
value until applied. The subject of 
lime use in treatment of industrial 
Like- 
“Symposium on Lime,”’ 
sponsored by the American Chemical 
Society in 1927, has provided a back- 
ground for lime in the chemical indus- 
try, emphasizing its merits as a safe, 
low-cost, readily available alkali (8). 


wastes has been presented (7 
wise, the 


Industrial Response 
During recent years, industry has 
shown a cooperative attitude toward 
water pollution control. In facet, nu- 
merous industries today experience 
difficulty in obtaining sufficient water 


of satisfactory quality for process 
without costly treatment. Such con- 
ditions definitely impede industrial 


expansion and normal growth of a 
community. 

In the past, some process waste 
problems have been solved through 
by-product recovery—and at a profit. 
The distilling industry is an example; 
high grade stock food is produced 
from the spent mash. However, all 
process wastes do not contain valuable 
ingredients in sufficient concentration 
to permit economical recovery In 
other eases, the job of establishing a 
market for the new product appears 
insurmountable 

There is a tendency to carefully 
scrutinize process, with a view toward 
raw material change or process modifi- 
eation that would prove advantageous 
in waste reduction. New processes 
have been radically changed when the 
wastes were found to be serious pollu 
tants. The industrial waste problem 
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is but one phase of industrial develop- 
ment. 

New industrial sites should be, and 
in many instances are being selected 
with full knowledge of waste treat- 
ment requirements consistent with es- 
tablished use of the receiving waters. 
Sewer design for new plants or expan- 
sion of existing facilities provides 
service for clean water separate from 
that for concentrated wastes requir- 
ing treatment. This obviates the 
need of costly reconstruction. 

Discharge of industrial wastes to 
municipal sewerage systems is attrac- 
tive where this is possible without 
disrupting operation of the treatment 
works. Fixed charges are minimized 
and it is possible to formulate sur- 
charge to provide equitably for opera- 
tion costs. Pretreatment and/or equa- 
lizing tanks may be required at the 
industry. 

Separate treatment of industrial 
wastes is accepted as another process. 
It may be expensive, and concerted 
effort is made to hold operation costs 
to an absolute minimum. When 
chemicals are employed, preference 
will be given to the least expensive. 
Lime should continue to have advan- 
tages when an alkali is required. 
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There is a trend toward maintain- 
ing a continuous record of the volume 
and characteristics of industrial dis- 
charges. Continuous records are in- 
valuable in the detection of irregu- 
larities (such as ‘‘spills’’), which are 
inevitable when operation controls are 
not fully adequate. Such records 
afford desirable protection against 
litigation. 

A matter of primary concern to in- 
dustry is the classification and assign- 
ment of quality and purity standards 
to designated waters. The capacity 
of natural waters to assimilate indus- 
trial wastes of various combinations 
is of equal interest. 


Conclusion 


The art and science of industrial 
waste treatment must keep in step with 
industrial progress. Current and 
planned research will contribute much 
to knowledge in this field. The ulti- 
mate solution to the industrial waste 
problem is to make it a part of indus- 
trial development. Cooperation of all 
concerned will hasten the day when 
our surface water resources will be 
satisfactory for their many and varied 
uses. 


References 


1. LeBosquet, M., ‘Recently Enacted 
Federal Water Pollution Control Leg 
islation.’’ JourNAL, 22, 2, 239 
(Feb., 1950). 

Pendray, G. E., ‘‘Publie Relations Aspects 
of Industrial Wastes.’’ Bull, Ind. 
Hygiene Found. (1949). 

}. Warrick, L. F., ‘‘A National Technical 
Task Committee on Industrial Waste.’’ 
Presented at 15th Mid-Year Meeting, 
Div. of Refin., Am. Pet. Inst. (Cleve 
land, Ohio; May, 1950). 

+. Schwob, C. E., *‘The Administration and 
Industrial Significance of the Na 
tional Water-Pollution Control Pro 

’ Presented at 5th Mid-Year 


gram.’ 


Meeting, Div. of Refin., Am. Pet. Inst. 
(Cleveland, Ohio; May, 1950}. 

5. Wisely, W. H., ‘‘Stream Pollution Con- 
trol Activities of Industrial Associa 
tions.’’ Sewage Works Jour., 21, 1, 
51 (Jan., 1949). 

6. MaeKenzie, V. G., ‘‘The U. 8S. Publie 
Health Service Program in Industrial 
Waste Research.’’ Presented at Fifth 
Industrial Waste Conference, Purdue 
University (Nov., 1949). 

7. Besselievre, E. B., ‘‘Lime for Industrial 
Waste Treatment.’’ Sewage Works 
Eng., 19, 1, 19 (1948). 

8. Withrow, J. R., ‘‘A Symposium on Lime.’’ 
Bull. 35, Ohio State Univ. (1927). 


ig 
| 
| 
| 
j 


SIMPLIFIED DISSOLVED OXYGEN COMPUTATIONS* 


By M. LeBosaqvet, Jr 


AND E. C. TstvoGLov 


Sanilary Engineer Director and Senior Assistant Sanitary Engineer, respectively, Environmental 
Health Center, U. S. Public Health Service, Cincinnati, Ohio 


With the publication in 1925 of 
“Public Health Bulletin 146” (1), there 
became available a mathematical ap- 
proach to the determination of the 
natural self-purification capacity of a 
stream, or a stream’s capacity to absorb 
oxygen-depleting pollution. Since that 
time, other workers have developed 
refinements and simplified methods 
for using the oxygen sag formula 
2)(3)(4), and in 1949 Streeter (5) 
published a nomograph for the solution 
of problegns involving the use of this 
seemingly complex equation. Closely 
allied to the determination of the 
natural self-purification capacity of a 
stream are determinations of the degree 
of sewage treatment required in a given 
situation and the effects on oxygen 
conditions of increases in low stream 
flows. 

Practical use of the mathematical 
approach has been limited by lack of 
understanding of the fundamental prin- 
ciples involved and by the seeming 
complexity of the calculations required. 
With the continued growth of pollution 
problems and the stress being placed on 
control measures, it is becoming in- 
creasingly important that the sanitary 
engineer be acquainted with methods of 
computing oxygen relationships in 
streams 

The purpose of this paper is to out- 
line an approximate method for esti- 
mating the degree of waste treatment 
required to maintain a given dissolved 
oxygen objective in a stream. The 


method, which uses dissolved oxygen 


*Summarization of lectures delivered at 
Sanitary Engineering Training Course, U. 8 
Public Health Service, Environmental Health 
Center, Cincinnati, Ohio, 1948 and 1949 


and flow results in the stream itself as 
base data, is an abbreviation of the 
Streeter-Phelps procedure with an ac- 
curacy which is believed to be com- 
parable to the precision of the base 
data available in many instances. It 
can also serve as a means of estimating 
the benefits to be obtained by reducing 
the required degree of treatment due 
to the regulation of low stream flows 
through the use of storage reservoirs. 

The standard method of mathe- 
matical analysis of oxygen conditions 
in a polluted stream is by the use of 
the oxygen sag formula, which deseribes 
the progressive depletion and recovery 
of dissolved oxygen in the water as it 
flows downstream. The formula is 

ky L, 
D, = ke — 10-*2*) 
+ D, (10-**) (1) 

in which 


D, is the p.p.m. oxygen deficit below 
saturation after any time, ¢t, in 
days; 

D, is the p.p.m. initial oxygen deficit 
below saturation; 

L, is the pollution load, stated in 
terms of the total first-stage B.O.D. 
in p.p.m.; and 

k, and ky are the respective velocity 
constants for deoxygenation and 
reoxygenation. 


In any given situation of stream con- 
ditions there is wide variation in the 
above factors. The velocity constant 
for reoxygenation, k., is subject to 
wide variation in different streams, in 
individual stretches of any one stream, 
and for various river stages in the same 
stretch. Although variations in fk, 
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are usually of somewhat lesser magni- 
tude, they too may be appreciable, and 
in many situations it is quite difficult, 
if not impossible, to derive acceptable 
values for these velocity constants. 
In addition, the pollution load and the 
initial oxygen deficit may be subject to 
considerable variation, depending on 
conditions at a given time. The method 
of analysis outlined herein permits 
direct analysis of the oxygen-flow rela- 
tionship in a given stretch, and avoids 
the use of factors such as k; and ke. 
The method outlined cannot be 
expected to give better results than 
the oxygen sag formula itself used 
without adjustment of k values for 
variable stream stage. The method 
gives best results in the study of con- 
ditions in large and medium sized 
streams, where the effect of variations 


_in k; and ke with river stage may be 


expected to be relatively minor. In 
small, rapidly flowing streams, one or 
several factors, for example k, or kes, 
may fluctuate greatly, and such varia- 
tions may introduce inaccuracies when 
estimates are made under flow condi- 
tions greatly different from those at 
the time of sampling. In situations 
where the effect due to algae is a 
dominant factor, an analysis of dis- 
solved oxygen results is difficult either 
by this method or by the oxygen sag 
formula. When sludge deposits create 
a major portion of the oxygen demand 
in the critical stretch, estimates of the 
required degree of sewage treatment 
may be overly conservative when based 
on the method outlined. 


Dissolved Oxygen vs. Flow 


By use of observed dissolved oxygen 
profiles for the stream stretch in ques- 
tion, as determined by stream water 
sampling and analysis, it is possible to 
locate the low or critical point on the 
sag curve. This low point will not 
always be at the same stream station, 
but will move up or downstream, de- 
pending on temperature, rate of dis- 


SIMPLIFIED DISSOLVED OXYGEN COMPUTATIONS 1055 


charge, and other factors. In estimat- 
ing the required degree of treatment 
and the effects of flow variations, 
principal interest is in the worst oxygen 
conditions at any time, and therefore 
in the lowest dissolved oxygen on any 
profile, regardless of location. 

The first step in analyzing conditions, 
by the method herein described, is to 
plot the observed critical D.O. results 
against flow records at the nearest 
available station (Figure 1). To elim- 
inate or to minimize the temperature 
effect, the D.O. results used for this 
curve should be only those observed 
within a relatively small seasonal tem- 
perature range (that is, under summer 
conditions at approximately 20° to 
30° C.) Observed critical D.O. results 
may also be corrected to those for a 
selected critical temperature, say 25° C., 
by a procedure outlined later. The 
data of Fizure 1 were corrected to 25° C. 
before plotting. 

Experience has indicated that, if 
enough observed data are available, 
the points will be arranged in the form 
of a hyperbola. Examination of the 
oxygen sag formula indicates that this 
is to be expected. This is illustrated as 
follows: 


The total first-stage B.O.D. (in 
pounds), which may be considered as 
the constant, C, for the case of a steady 
pollution load introduced into an other- 
wise unpolluted stream, is 5.4 LQ, in 
which Q is the stream flow in cu. ft. per 
sec. 

Therefore, 


~ Q 
Furthermore, if there be no initial D.O, 
deficit, and assuming that k; and ky 
remain constant within the range of 
conditions under study, the oxygen 
sag formula reduces to 
dD. = L. (3a) 


or 


C: C; 
D, = Q C, = Q (3b) 
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Q=14 DAY AVERAGE C.F.S. IN THSDS 


FIGURE 1. 


from which 
D 3c) 
a constant 


Che proportionality between D. and 
L, at the critical point may also be 


shown by analysis of the oxygen sag 
equation (7). The sag curve is de- 
fined by the differential equation 

ap : 

Ay K.D ta) 


Cherefore, at the critical point 


dl) 
kK. D 0 (4b 
at 
which reduces to hq 3a Thus 
K 4 


The hyperbolic function defined by Eq 


3e can be stated in two important ways: 
deficit (in 


Flow Un e.f.s.) times 
is constant; or the eritical D.O 


in pounds per day) is constant 


p.p.m 
deficit 


Relation of observed critical D.O. to flow in Cincinnati Pool, Ohio River, during 
summer of 1939. 


Because the curve will be hyperbolic, 
it will have definite limits; on the x 
axis it is limited by zero flow, and on 
the y axis by the level of oxygen 
saturation at the given temperature. 
From a study of the plotted data, it is 
sometimes possible to complete a fairly 
satisfactory curve by placing 
greatest weight on the critical or lower 
oxygen values. When the critical D.O 
result is observed to be zero, the result 
is indeterminate in the same sense that 
i zero D.O. result in a B.O.D. bottle is 
indeterminate. It is that 
critical D.O. levels of zero be eliminated 


eye, 


suggested 


in studying the D.O.-flow relationship 

For convenience, as explained later 
Eq. 3e can be written in another way 
If S D.O 
p.p.m., DO 


is the saturation value, in 


and is the critical (mini- 


mum) in p.p.m., 


D DO 5 


becomes 


and Eq. 3¢ 
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or 


DO, = +S (6b) 
Q 

A statistical method of constructing 
the curve can be used. In this method, 
D.O. is plotted against the reciprocal 
of the flow (1/Q). A straight line re- 
sults (Figure 2). By using 1/Q in- 
stead of Q as the abscissa, the straight 
line which best fits the observed data 
may be determined by the method of 
least squares, and a correlation coeffi- 
cient computed to test the reliability 
of the relationship. A low level of cor- 
relation indicates that true critical 
data have not been obtained, or that a 
straight line is not the best possible 
type of curve for describing the rela- 
tionship. Some limitations of the 
method have already been pointed 
out, and in such situations low correla- 
tion might result. In the case of the 
Cincinnati Pool on the Ohio River, used 
for purposes of illustration, a correla- 
tion coefficient of 0.80 is obtained, and 
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in the Pittsburgh Pool on the Ohio 
River, a correlation coefficient of 0.90 
is obtained. Good correlation has 
also been found in unpooled, or free- 
flowing, stretches of other streams. 

A near approach to the mathematic- 
ally fitted curve can be constructed by 
the following procedure: 

The D.O. and reciprocal flow (1, Q) 
values can be averaged and the result 
plotted (point A, Figures 1 and 2). A 
straight line can then be drawn through 
point A on Figure 2 and with a slope 
such that the line will pass as near as 
possible through the individual points. 
Approximately the same number of 
points usually are below and above the 
line, which represents average condi- 
tions. It will be noted, in the example 
used, that the line intersects the y axis 
at a value (7.36 p.p.m.) somewhat less 
than saturation (8.38 p.p.m.). This 
value of less than true saturation has 
been found on a number of streams 
studied by the Public Health Service in 
recent years, and may reflect the fact 
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FIGURE 2.- Relation of observed critical D.O. to reciprocal of flow in Cincinnati Pool, Ohio River, 
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that an unpolluted stream is seldom 
100 per cent saturated with oxygen. 

On the theory that fish are killed not 
by average conditions but by lower than 
normal oxygen conditions, the lower of 
the 50 per cent confidence limit lines is 
suggested for design purposes. By 
simplified methods this line is drawn on 
Figure 2 parallel to the average line 
and with 25 per cent of the results be- 
low the line and 75 per cent of the re- 
sults This design curve is 
shown as a full line on Figures 1 and 2, 
and was fitted by the statistical ap- 
proach. 

If the design curve is constructed as 
suggested, the curve may be said to 
describe the relation between flow and 
the critical D.O. for a stream in which 
k, and ky may be taken as constants 
over the range of flows under considera- 
tion. 


above. 


Such a curve has a number of 
For example, to maintain 4.0 
p.p.m. D.O. under existing conditions 
in the case illustrated in Figure 1, a 
flow of 14,300 c¢.f.s. is the indicated re- 
quirement. However, it should be 
remembered that primary treatment of 
sewage is almost always a minimum 
requirement for desirable stream condi- 
tions, from the standpoint of eliminat- 
ing sludge deposits, objectionable float- 
ing sewage solids, and scum. 
Treatment will reduce this figure 
and future growth will increase it. 
Thus, if the design flow is 6,300 ¢.f.s. 
and, as above, 14,300 ¢.f.s. is required, 
the pollution load that can be assim- 
ilated is 6,300/14.300 of that existing, 
or 44 per cent. This indicates that a 
56 per cent reduction in the organic 
pollution load by treatment is required. 


However, if growth in the design period 
is 26 per cent, the residual load that can 
be assimilated will be 6,300/(14,300 x 

26) of that existing, or 35 per cent 
This means that a 65 per cent redue- 
tion in the organic pollution load by 
treatment is required. A summary of 
this discussion with both a 4.0 p.p.m 
objective and a 5.0 p.p.m. objective is 
as follows: 
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4 (B=<1- 


| Flow required Reduction 


} with no required in 
treatment! organic 
pollution (%)* 
D.O. objective (p.p.m 40 5.0 4.0 5.0 
Present conditions 14,300 | 23,000 a) 73 
from graph 
With 26 per cent 18,000 | 29,000 65 79 


growth 


' Treatment may be required for prevention 
of sludge deposits, floating sewage solids, and 
scum, or for bacterial reduction 

? With design flow at 6,300 c.f.s. 


There is reason to believe that the de- 
grees of treatment required, as esti- 
mated, are conservative. For example, 
if primary or more treatment is pro- 
vided, the deoxygenating effects of 
sludge deposits would be reduced. In 
computing the required degree of 
treatment, no account is taken of this 
effect. To offset this factor, in part, 
installation of intercepting sewers and 
treatment changes the points of dis- 
charge from many to one or, at most, 
two or three. 

An objection might be raised, in that 
little attention has been devoted to 
possible initial D.O. deficit, D,, above 
the source of pollution. If it 
sumed, in applying the method to a 
given situation, that pollution from 
upstream sources will be reduced to the 
same extent as that from the com- 
munity in question, the necessity for a 
correction for residual pollution from 
upstream minimized. A 
similar situation exists when estimates 
are made of flow requirements for 
dilution of partially treated 
In this case, all pollution sources will 
receive the same dilution. The effect 
will be as though pollution from up- 
stream sources is again reduced to the 
same extent as that from the 
munity in question. 


Is as- 


sources is 


wastes. 


com- 


Flow Period for Design Standards 


In any stream, there is some interval 
between the time when discharge 
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reaches a minimum condition and the 
time when D.O. reaches the minimum 
level—in other words, the D.O. lags 
behind the discharge by some definite 
period of time. This lag period may be 
due to one or more of a number of 
factors. Time may be required to 
reach a condition of biological equilib- 
rium following a change in conditions 
such as the onset of low water. Time 
may be required for the accumulation 
of sludge deposits after a period of 
high flow. In the case of a canalized 
stream, used as an example, the 
navigable pool is filled with water of 
relatively good quality following a 
period of high flow and time is required 
to build up the normal concentration 
of pollution after the onset of low 
water. Where the absolute minimum 
flow is of short duration, this “pool” 
effect tends to mix the pollution with 
more diluting water than the minimum 
flow would indicate to be available. In 
setting minimum stream standards as 
a basis for sewage treatment plant 
design, it is necessary to consider this 
lag interval. 

A useful tool in this regard is the 
daily hydrograph for the entire period 
of survey, with the observed critical 
D.O. results superimposed on the 
hydrograph, each on its proper date of 
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sampling. It is possible by the use of 
this device to estimate the lag between 
discharge and D.O., or the approximate 
number of days by which the D.O. level 
lags behind the flow. For the case 
used as an illustration, which is a 
stretch of pool located behind a dam, it 
was estimated that this lag amounted to 
approximately two weeks (Figure 3). 
In this particular case, therefore, it 
would be advisable to base stream and 
design standards on the minimum 
expected average two-week flow period 
during the summer. However, in plot- 
ting Figures | and 2 in such cases, the 
two-week flow prior to the D.O. plotted 
should be used, and design flows should 
be stated as two-week flows. 

The lag period will differ for each 
set of stream conditions, and should be 
determined individually for each prob- 
lem and each survey period. On small 
streams with no pooling effect, D.O. 
results may reflect flows on the sampl- 
ing days only. 


Temperature Corrections for Critical 
Dissolved Oxygen 


In constructing the D.O.-flow curve 
(Figure 1), it is desirable that D.O. re- 
sults at different discharges be at the 
same temperature. As this is often 
impossible to arrange in stream surveys, 
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FIGURE 3.—Relation of D.O. to daily hydrograph of stream. 
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it is necessary to adjust or correct 
critical D.O. results observed over a 
period of time, say August to October, 
to a single design temperature, say 
25° C. This adjustment for tempera- 
ture can be made on the basis that the 
critical deficit 
in p.p.m., 


below saturation, 
will remain practically con- 
stant despite variations in temperature. 
The basis for this statement is as fol- 
lows: 


l. The 
efficient 


temperature correction 
1.047) for ky in the formula 


hey ko (1.0477) 7 


is substantially the same as that for /; 
and, therefore, the ratio ks/k, may be 
expected to remain constant with vari- 
able temperature, under any given set 
of conditions. This conclusion, that 
the two temperature correction coeffi- 
cients are the same, has been borne out 
by studies of atmospheric reaeration by 
Streeter, Wright, and Kehr (6). The 
conclusion is also ‘presented by Phelps 
(8). Investigators have found various 
values of the temperature correction 
coefficients for kj and ks. However, the 
important matter in this discussion is 
the equality, rather the exact 
numerical value, of temperature 
coefficients for k, and ke. 
the exact values. of 
temperature correction 


than 
the 
correction 
The subject ol 
these coefh- 
cients warrants more exhaustive future 
investigation. Supporting data for the 
establishment of 
tion 


temperature correc- 


coefficients are strongest within 
the temperature range of 10° to 30° C. 
The temperature adjustment, there- 
fore, is most reliable within this range 
{ 2. There is no appreciable variation 
with temperature in L,, the ultimate 
first-stage B.O.D. This conclusion has 
been borne out by Gotaas (7). Recent 
work at the Environmental Health 
Center in Cincinnati out this 
same conclusion 

3. The ratio ky k, being constant, 
and L, being constant, Ky 3a indicates 
that D 


bears 


must also be constant 


It is emphasized that adjustments in 
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WASTES August, 1950 
D.O. for temperature should be made 
only for critical D.O. data, as appreci- 
able error may result if data at other 
than the critical point on the sag curve 
are adjusted. The bottom of the sag 
curve is usually rather flat and any 
errors will be quite small if the adjust- 
ment is applied to the lowest observed 
D.O. value 

The the initial deficit, 
D,, with temperature may conceivably 
have some slight effect on D.. How- 
ever, this effect on the temperature 
correction of D. would be quite small 
in most cases. 

The following is an example of ad- 
justment of D.O. value for tempera- 
ture: If the observed critical D.O. is 
1.0 p.p.m. at 20° C., then the critical 
deficit is 5.2 p.p.m., and 
the critical D.O. at 25° C. would be 
8.4-5.2, or approximately 3.2. p.p.m. 
Conversely, if the critical D.O. ob- 
served at 25° C. is 3.2 p.p.m. then the 
critical D.O. at 20° C. would be 4.0 
p.p.m. 


Variation of 


TABLE I.--Corrections in D.O. Values for 
Temperatures Ranging from 10° to 30° C. 


Saturs om 
Temperature aturatior Correction 
T (°C 


p-p.t 


5 
70 
45 
22 
ag 


10 3: Subtract ‘ 
11 Subtract 
Subtract 
Subtract 
Subtract 
Subtract 
Subtract 1.57 
Subtract 1.36 
Subtract 1.16 
Subtract 0.97 
Subtract 0.79 
Subtract 0.61 
Subtract 0.45 
Subtract 0.30 
Subtract 0.15 
0 
0.16 
0.31 
0.46 
0.61 
0.75 


' Correction (Sr _ 8.38) to 
results from 7’ to 25° C. 
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Table I is a summary of corrections 
in D.O. values from temperatures 
ranging from 10° to 30° C. to a design 
temperature of 25° C. Similar correc- 
tion tables can be prepared readily 
for any other design temperature that 
may be selected for local climatic 
conditions. 

Conclusion 

Before any estimates may be made 

of organic waste treatment require- 
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ments, certain basic decisions must be 
reached. A factor of judgment is re- 
quired in determining such matters as 
design flows, design oxygen objectives, 
design temperature, and growth in 
population and industry. The = de- 
termination of treatment requirements 
is not an exact science, nor do the 
prospects for its becoming so appear 


likely. 
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AQUATIC WEED CONTROL WITH SODIUM ARSENITE 


By Kennetu M. Mackentoun 


Public Health Biologist, Committee on 


Vadi son, 


Introduction 
Aquatic vegetation has a definite 
role in the development and main- 


tenance of a balanced aquatic com- 
munity. <A certain amount of aquatic 
vegetation in a given body of water is 
of value to the fishery, although no 
has able to determine the 
proportion of plant area to water area 
which is necessary for optimum fish 
production. Burdick (2) found that 
weed beds produced as much as four 
times the amount of food produced by 
weedless areas, Richardson (8) found 
the average productivity valuation 
from weed beds to be more than eight 
times the average of bottom hauls. 
Smaller snails formed 50 per cent of 
the total average by weight. The re 
maining 50 per cent consisted princi 
pally of small Odonata. Needham (7 
observed that plant beds are 37.5 times 
as rich in food as bare pool bottoms 
Klugh (6) stressed the value of plant 
productivity to such an extent that he 
proposed that rooted aquatic vegeta 
tion become the ‘‘index character’’ of 
the productivity of a lake. Surber 
15) states that large amounts of sub- 


one been 


mersed or emergent vegetation 
tably lead to 
stunted fish. 


There are situations in which certain 


overpopulation and 


areas Within a lake produce an over 
which then 
the true sense of 


abundance of vegetation, 
becomes a weed in 
the A nuisance develops from 
the profuse growth; property owners 
not free 
body of water by boat; there is an 


word 


do have access to the main 


and other ree 
flow of 


impediment to bathing 
reational activity ; 


the water 


Water Pollution, 


Roard of Health, 


State 
Wis. 


in streams, canals, and ditches is re- 
tarded; and the beauty of scenic areas 
is oftentimes impaired. Offensive 
odor, produced by the decomposition 
of large quantities of plant tissue, is 
the ultimate result of growth 
This may destroy reereational uses and 
jeopardize fish populations through 
oxygen depletion. 

The intrinsie value of a lake can be 
enhaneed through the control of the 
above-mentioned nuisances, provided 
adequate vegetation for the production 
of fish food is apparent in other areas 
Thus, the idea of chemical control of 
nuisances was developed in Wisconsin 
As a result of such control measures, 
the recreational assets of many bodies 
of water are multiplied many times. 


such 


Development of Chemical Weed 
Control in Wisconsin 


A solution of sodium arsenite has 
been used for many years in aquatic 
control. In Wisconsin, Domo- 
(3)(4)(5) reports the use of 
sodium arsenite for the control of 
weeds in the Madison lakes in 1926 
and in following years. This is the 
first indication that sodium arsenite 
had been used for the control of a 
nuisance and the enhancement of the 
recreational value of an area. Sur- 
ber (11) was the first to adopt this 
means of control in fish management 
work, stating that preliminary ex- 
periments with sodium arsenite during 
the summer of 1929 indicated that this 
chemical may be used effectively at 
low controlling submerged 
aquatic plants without doing appar 
ent injury to either large or 


weed 
galla 


cost in 


small 


1062 


iis 
: 
it) 
2S 
fs 
: 
5 
| > 
: 
‘ 


: 


Vol, 22, No. 8 


fish and without exterminating or se- 
riously diminishing the supply of 
natural foods. 

In Wisconsin, during 1938, a contro- 
versy arose between sportsmen and 
property owners over the chemical 
treatment of a particular lake. Fol- 
lowing this controversy, an executive 
order established a committee to re- 
view the problem of algae and weed 
control in streams and other bodies 
of water in the state. The personnel 
of the original Wisconsin Committee 
on the Chemical Treatment of Lakes 
and Streams consisted of an attorney 
of the Wisconsin Publie Service Com- 
mission, the chief biologist of the Wis- 
consin Conservation Department, the 
chief chemist of the State Laboratory 
of Hygiene, and the State sanitary en- 
gineer of the State Board of Health. 
The Committee has since been modified 
to include the State sanitary engineer 
of the State Board of Health, the chief 
chemist of the State Laboratory of 
Ilygiene, and the assistant director of 
the Wisconsin Conservation Depart- 
ment. The principal funetion and 
aims of this Committee are: 


1. To investigate the technical as- 
pects of the use of chemicals in order 
to determine whether or not, and to 
what degree, the practice of treatment 
is detrimental to lakes. 

2. To disseminate information on the 
subject as an educational service to- 
ward resolving controversy and _ par- 
ticularly that surrounding proper pro- 
posals for chemical treatment. 

3. To supervise nuisance control ae- 
tivities wherever conducted in the 
State. 


Soon after the formation of the 
original Committee, a permit system 
was devised making it necessary for 
the filing of an application with the 
Committee on the Chemical Treatment 
of Lakes and Streams for chemical con- 
trol. 

In 1941, the legislature passed an 
act calling upon the Committee on 
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Water Pollution ‘‘. .. to supervise 
chemical treatment of waters for the 
suppression of algae, aquatic weeds, 
swimmers’ itch, and other nuisance- 
producing plants and organisms. To 
this end the Committee may conduct 
experiments for the purpose of ascer- 
taining the best methods for such con- 
trol. It may purchase equipment and 
may make a charge for the use of the 
same and for materials furnished, to- 
gether with a per diem charge for any 
services performed in such work. The 
charge shall be sufficient to reimburse 
the committee for the use of the equip- 
ment, the actual cost of the materials 
furnished, and the actual cost of the 
services rendered plus 10 per cent for 
overhead and development work.’’ 

The first chemical weed control un- 
der Committee supervision was insti- 
gated in Lake Wapogasset near Am- 
ery, Wis., in 1939. A barge propelled 
by paddle wheels was used in the dis- 
tribution of the chemical. A coneen- 
tration of 2 p.p.m. white arsenic 
equivalent was ineffective in killing 
the plants. However, a concentration 
of 4 to 6 p.p.m. white arsenic equiva- 
lent was used in a bathing beach area 
with more encouraging results. 

State-owned equipment was pur- 
chased in 1941 and operated on a 
rental basis for the ehemical control 
of aquatic nuisances. The growth of 
the early program was governed by the 
ability of the crew operating the state- 
owned equipment to treat as many of 
the proposed projects as possible at a 
time when treatment was biologically 
necessary for best results. It was soon 
found that this type of procedure 
could not keep abreast of the demands 
for control. 

The Committee felt that enough ex- 
perimental work had been done and it 
was no longer necessary for the state 
to make the actual treatment. There- 
fore, in 1949, state-owned equipment 
was not used on any of the treatment 
projects. Sponsoring organizations 
could elect one of two options in con- 
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ducting the work 
enter contract with 
of the approved operators in the field 
for the completion of the 


that is, they might 


private 


the sponsoring organization might ap 
ply the chemical by using their own 
equipment, providing such 


was found to he suitable 


equipment 
for the ap 
In either case 
an application for permit 


Plieation of chemicals 
to carry out 
chemical treatment control is filed with 
and approved by the 
Chemical 


Committee 
Treatment of Lakes and 
The actual treatment must 
be under the direet fa 


on 


on 


Streams 


supervision ( 
representative of the 
Water Pollution and a charge is mad: 
y the Committee to defray the 
of this supervision. It is a 
of the Committee on Water 
fo determine 


Committee 


cost 
funetion 
Pollution 
that conditions existing 


in the area actually constitute a nui 
sance, as chemical treatment must be 
authorized on the basis of such find 


Ings, 

As previously stated. the program of 
chemical control of submergent aquatic 
vegetation had its beginning in 1929 


1940. 


and in 


With one treatment project. In 
four projects were supervised. 
1941 the number 


had risen to six 
During the following three years, 
1942-1944, there were only three treat 
ment projects scheduled The vear 
1945 saw the bevinning of an acceler 
ated program In this year, ther 
were seven lakes treated for weed 
eradication: in 1946 12; in 1947, 18- 
in 1948, 20; and in 1949 there were 


43 weed treatment projects. This re 


an increase between 1945 and 


i 


resents 


1949 of 371 per cent, and an increase 
between 1948 and 1949 of 65 per cent 
lhe 33 treatment projects in 1949 used 


a total of 


S643 


gal. of 


arsenite solution 


commercial 


Control Methods 
In Wisconsin, chemical weed control 
has as a primary aim the 
the 
tional value of a lo alized area, It is 


relief from a 


nuisance and increase in recrea 


AND INDUSTRIAL WASTES 


one 


project, or 


August, 1950 


limited, therefore. to 4 marginal strip 
of 200 to 300 ft. along a portion of the 
shoreline of a lake, the cutting of chan- 
nels through weed beds so that boats 
will have access to deeper water, and 
the control of vegetation around piers. 
The Committee 
recommend 


does not approve or 
destruction of 
a lake, but in 
sists on leaving untreated reserve areas 
adequate for fish food production. 
Surber (14) found that dosages of 
1.7 to 4.0 p.p.m. white arse nic 
lent was effective 


complete 
aquatic vegetation in 


equiva- 
in controlling praeti 
cally all submereed flowering 
in fish ponds, but did not 


> 
Because the 


plants 
affect fish. 
majority of the work done 
in Wisconsin is on larger bodies of Wa- 
ter, the concentrations used are 
What higher, Commercial sodium ar 
senite containing 4 Ib. of white 
per gallon is 


some 


arsenic 
in all treatments. 
In the event that an entire small body 
of water js treated, a dosage of 5 
p-p.m. white arsenic equivalent is used 
It has been found effective in treating 
fish management ponds containing wall- 
eve fry to attempt two treatments: 
that is, one-half of the pond is treated 
one week later than the first half. In 
the treatment of the shoreline area 
of a large body of water protected 
from wind and wave action and havine 
an average depth not exceeding 5 ft. 
and a maximum Gepth not exceeding & 


used 


ft., a dosage of 7.5 p.p.m. white arsenic 
equivalent is recommended. 
of 10 p.p.m. white arsenic 
has been found effective 
mervent 


A dosage 
equivalent 
against sub 

the treatment 
a large body of 
unprotected from wind and wave 
action and having an average depth 
not ft. and a maximum 
depth hot exceeding 8 ft. Shoreline 
areas in which the depth of the water 
exceeds 8 ft. have not been found suit 
able for treatment. 
the projects in 


vegetation in 
of a shoreline area of 
water 


exceeding 5 


The majority of 
Wisconsin require the 
higher dosage in order to insure effec 
tive control, 


In determining the 


amount of chemi- 
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cal required for the treatment of large 
areas, it is advantageous to subdivide 
the area into small sections and ealeu- 
late the amount of chemical required 
for each section separately. This will 
permit an even distribution of chemi 
cal in order to maintain a desirable 
concentration of the weedicide, which 
is very important to insure an ade- 
quate kill. The caleulation of the 
amount of chemical required to ade- 
quately treat any given area is based 
on the weight of water to be treated. 

The equipment used in distributing 
sodium arsenite consists of a reservoir 
to hold the commercial solution, a 
pump to draw water from the lake 
or stream, as well as chemical solution 
from the reservoir, and a_ nozzle 
through which the diluted mixture is 
directed uniformly over the water sur- 
face. For best results, it is necessary 
to accomplish an even distribution of 
the chemical over the area to be treated. 

Arsenical compounds are recognized 
poisons; therefore, certain precautions 
should be observed in its application. 
The shoreline area should be treated 
first. Fish and other aquatic organ- 
isms are repelled by sodium arsenite 
and are stimulated to leave the treat- 
ment area. Thus, they are exposed to 
the chemical for only a short period of 
time. In treatment of the shoreline 
strip, care should be used so that trees 
and shrubs growing on the bank will 
not be sprayed. The hands of the op- 
erator should be protected with rubber 
gloves and it is important that the 
wind be in such a direction that the 
spray will not blow against the oper- 
ator’s face and cause a burn. The 
application of face cream prior to 
spraying has been found helpful in 
alleviating this condition. It is con- 
sidered good practice, as a safety meas- 
ure, to advise against the use of treated 
water for bathing, watering lawns, or 
the use of water for livestock or pets 
for a period of 2 or 3 days following 
application of the chemical. At the 
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end of that time the chemical should 
be sufficiently dissipated by dilution 
and absorption to make similar preeau- 
tions no longer necessary. 


Effects of Treatment 


The time necessary for weed destrue- 
tion after the application of chemical 
is usually about 7 days. Sodium ar- 
senite solution has been found effica- 
cious in the destruction of arrow- 
head; water plantain; bladderwort ; 
coontail; waterweed; wild celery ; com- 
mon, bushy, and horned pondweeds; 
water crowfoot; water milfoil; and 
other plants. Surber (13) states that 
water lilies and lake bulrushes can- 
not be destroyed with a reasonable 
amount of sodium arsenite. He fur- 
ther states that chara are very re- 
sistant to this chemical, but can be 
destroyed readily by the use of cop- 
per sulfate. The work in Wisconsin 
concurs with the above findings. Fol- 
lowing destruction, the weeds sink to 
the bottom and remain in place in the 
bottom muds. Treatment should be 
initiated when the weeds are young 
and growing vigorously, so that a 
maximum amount of chemical will be 
absorbed by the plant cells. This 
also will reduce the possibility of an 
oxygen depletion caused by the de- 
composition of a large mass of plant 
tissue. The rate of decomposition is 
usually so slow, however, that the oxy- 
gen balance is not greatly distorted. 

There is no reason to suspect a 
deleterious effect on the fish life be- 
cause of the use of a sodium arsenite 
solution for weed control. Tests by 
the Wisconsin Committee on Water 
Pollution (19) showed that largemouth 
bass were unaffected by the chemi- 
eal in concentrations of 6 p.p.m. for 
10 days. <A concentration of 10 ).p.m. 
killed 13 per cent of the fish in the 
same length of time. Bluegills and 
crappies were found to survive 12 
p.p.m. for 6 days. <A similar test in 
distilled water indicated that sodium 
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arsenite has the same effect on fis! 
18) found that 7 p.p.m. white arse 
did not injure the fingering sté 
of smallmouth bass, largemouth b 
white crappies, golden shiners, b 
vills, bullheads, and goldfish u 
exposure for 148 hr. Surber 
Meehean (16) found that chironom 
shrimp appear to be the most sensi 
ure to 2.5 to 4.0 p.p.m. white arse 
equivalent 
to 21 p.p.m. Safety factors are 
reduces the coneentration to wl 
aquatic organisms are exposed. 
and some aquatic organisms are 
pelled by the chemical, and the « 


diffusion into untreated areas by w 


tation and the bottom muds 


either hard or soft water. Wiebe 1 


equivalent in Mississippi River water 


mayfly nymphs, fresh-wi 


to the treatment, with relatively 
high mortality rates following expos- 2 


Damselfly and dragon 


Annual Report, N. Y. Cons. Dept., 
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1 in Summary 


Commercial sodium arsenite has 
been effectively used in the destrue- 
tion of certain species of aquatic vege- 
tation and the eradication of localized 
nuisances without harm to the fish life 
present. Its use in Wisconsin has 
been authorized and supervised by an 


onic 


iges 
ass, 
lue- 
pon 


and interdepartmental State committee for 
ids, the past 10 years. 

ater 2. Dosages up to 10 p.p.m. are rec- 
tive 


ommended, depending on the physical 
character of the area to be treated. 

3. A history of the development of 
the program in Wisconsin is given in 
detail, as well as the method of appli- 


nic 


fly nymphs, sow bugs, and water cation and the effect of such applica- 
mites survived concentrations of 10.9 — tion on aquatic vegetation and aquatic 


in organisms. 


operation following treatment, which 
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centration of the chemical in a local- script by the members and director of 
ized area is progressively decreased by the Wisconsin Committee on Water 


ave Pollution and the members of the Sub- 


action and by absorption by the vege- Committee on the Chemical Treatment 


of Lakes and Streams. 
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TREATMENT FINANCING IN NEW YORK STATE 


All but a handful of New York State 
municipalities will be able to build sewer 
systems and sewage treatment plants and 
thus cease polluting the State’s surface 
waters if a proposed constitutional amend- 
ment is approved by the 1951 legislature, 
and ratified by the eleetorate. Under the 
State’s water pollution control program, 
enacted in 1949, a Water Pollution Control 
Board has been established, with authority 
to order municipalities and industries to 
cease polluting surface waters. One of 
the problems which remained to be solved, 
however, was that of the municipalities 
which are now discharging raw sewage into 
surface waters, and do not have sufficient 
debt margin, under constitutional debt 
limitations, to construct treatment works. 

In order to meet their problem, the 1950 
session of the legislature approved a pro- 
posed constitutional amendment, under 
whieh municipalities can exempt from their 
debt limits up to 75 per cent of the cost 


of sewer svysterns and sewage treatment 
works, if, through the use of sewer rentals 
or similar devices, they can be shown in 
the blueprint stage to be self-sustaining. 

It is estimated that if the bill becomes 
law, only 25 municipalities, all villages, 
will be fiscally unable to proceed with the 
construction of sewage treatment plants. 
Earlier studies had shown that, because of 
debt limitations, 6 cities, more than 90 
villages, and 13 town would be unable to 
build treatment plants, even if ordered to 
do so by the Water Pollution Control 
Board. 

In addition to providing for advance 
exclusion of the cost of sewage facilities, 
the proposed amendment will substitute the 
5-year average full valuation for the 5- 
year average assessed valuation as_ the 
base for the debt limit, and revise or 
re-establish percentage limitations on the 
indebtedness of counties, cities, towns, and 
villages. 


jas 
| 


PRESSURE COOKER STREAM SAMPLER * 


By A. ( 


Chemist, E. 1. du 


Experience with several 


tional types of displacement river sam 


conven 
pling devices has led to undue ex 
pense and mechanical difficulties. Th 
chief 


watertight 


making a 
between the lid and 
body of the vessel The quest for a 


trouble has been in 


seal 


simple and effective seal that could be 


easily operated in the field led to the 
se of pressure cookers, with simple 


modifications to fit them to the pur 
pose intended 
A commercial cooker was ss 


lected because the internal height of 
the vessel will accommodate standard 


B.O.D. bottles. The cooker retails for 


* Presented 


at 1949 Annual Meeting, West 
Industrial 
Sept 


Virginia 
Assn.; Wheeling, W. Va.: 


Sewage and Wastes 


2, 1949. 


. 


Hyp 


$12.75, and approximately 4 hr. of shop 
work are required to make the conver 
sion, 

Two %,-in. holes are drilled 314 in 
apart in the lid and connect with 
aluminum downpipes that extend to 
within 14 in. of the bottom of the 
sample bottles. The handle, of alumi- 


num tubing, is welded on the lidso 
as to cover the rubber rupture dise 
hole. The cooker vent, as furnished. 


serves as an air vent on the sampler 
without further modification Ap 
proximately 7 Ib. of lead are bolted to 
the bottom to give enough weight to 
rapid sinking. The sampler 
fills in 90 see. at a 15-ft. depth, the 
volume allowing displacement of each 
bottle 5 times 


assure 


FIGURE 1.—Effective stream sampler made by simple adaptation of household 
pressure cooker. 
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THE OPERATOR’S CORNER 


Conpuctep BY Hersert P. OrLAND 


CREDIT DUE—CREDIT GIVEN 


lligh praise, indeed, was showered 
on the North Shore (Ill) Sanitary 
District when the Illinois Izaak Wal- 
ton League recently honored District 
officials for eliminating pollution of 
Lake Michigan in the area around 
Waukegan, Ill. The conservation so- 
ciety presented officers of the Sanitary 
District with its ‘‘Sanitation Award,”’ 
established to provide recognition for 
publie officials and industrial leaders 
in Hlinois who go beyond the ordinary 
call of duty to perform an outstand- 
ing job, in ‘‘. .. publie recognition of 
their outstanding progress toward the 
control of water pollution in Illinois.’’ 

Specifically cited during the presen- 
tation ceremonies were: R. E, Ander- 
son, chemist-engineer of the District, 
for his surveys of plant performance 
and Lake Michigan waters; Matt Kirn, 
superintendent of the sewage treat- 
ment plant at Waukegan; and L. K. 
Ekstrand, superintendent of sewage 
plants outside the Waukegan area. 

This, so far as is known, is the first 
such recognition aecorded public 
body by a statewide sportsmen’s or- 
vanization. The only similar award, 
also a plaque given early this vear by 
a local Waltonian group, was pre- 
sented to the American Viscose Corp., 
of Front Royal, Va., which “*. 
through its pollution abatement efforts 
restored to usefulness and beauty a 
stream that had been made a biological 
desert by uncontrolled industrial pol- 
lution.”’ 

Presentation of these awards should 
certainly be heart-warming, not only 


to workers in the stream clean-up pro- 
gram, but also to municipal and indus 
trial treatment plant operators and 
administrators, whose heroic efforts to 
do the very best job possible with the 
too often inadequate equipment and 
insufficient appropriations furnished 
them generally go unrecognized or are 
unconsciously classified as ‘‘routine.”’ 
Here is ‘‘battlefield’’ recognition of 
front-line accomplishment in the far- 
flung campaign. 

More than that, it is an indication 
that the Waltonians, so often regarded 
as being idealistic, impractical, and 
unreasonable, because of their de 
mands on water quality, stand ready 
to give credit where credit is due in 
stream sanitation affairs. Evidence 
has been provided that the reputation 
gained by the League and its local 
groups may need reappraisal in the 
minds of many. To incessantly de- 
mand ‘‘more’’ and ‘‘better’’? and 
‘*highest’’ is one thing; to follow up 
with public recognition of aecomplish- 
ment or outstanding progress is an- 
other. It not only shows that local 
efforts are under critical scrutiny, but 
that the effects of loeal effort on the 
broad picture also are being taken 
into consideration. 

To the recipients of the two awards, 
a hearty ‘*‘ Well done!’’ for exception- 
ally fine jobs in practical pollution 
abatement matters. Operators every- 
where may feel pride in the acecom- 
plishments of these colleagues who 
have been singled out for this high 
**decoration.’’ H. P.O. 
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Superintendent of Sewage 

Because this paper deals primarily 
with industrial wastes and their effect 
on sewage treatment at Topeka, the 
three systems that discharge 
directly to the and North To- 
peka’s system that goes to an Imhoff 
tank, will be disregarded; they do not 
handle 
industry 


sewer 


river, 


any appreciable wastes from 


The population tributary to 
the East Side treatment plant, which 


handles industrial wastes, is about 
50.000 

Plant records for 1949 show an 
average load, from Monday through 
Friday, of 13.3 tons of B.O.D. per 


day, or a population equivalent of 
about 156,000. However, ineluding 
Saturdays and Sundays brings the 
average down to 11.9 tons of B.O.D. 


per day, or an equivalent population 
of about 140,000 people 
In a report on an extensive survey 


of Topeka’s sewage problems made in 
1946, a consulting engineering firm 
says that the B.O.D. load on the East 
Side treatment plant had a population 
equivalent of 139,000 people, or about 
11.8 BOD. per day. This is 
within 0.1 ,.O.D. per day of the 
plant average for 1949. The report 
can still be considered to give the true 


TONS 


ton 


picture of Topeka’s sewage conditions 


is of 1949 


Origin of Wastes 


The report traces the source of the 


major pollution load entering the sew- 


ers. The greatest load comes from 
a meat packing plant that processes 
eattle, hogs, and sheep. Its normal 
daily capacity of 175 to 200 cattle, 


1.850 hogs, and 5,000 sheep was judged 


Annual 
Assn. ; 


* Presented at 1950 Meeting, Kan 


Works 
April 19-20, 1950 


Sewage Salina, Kans. 
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THE EFFECT OF INDUSTRIAL WASTES ON SEWAGE 
TREATMENT AT TOPEKA, KANSAS * 


By D. B. Kissincer 


Treatment, Topeka, 
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Kana. 


to have a population equivalent of 
56,000, or about 4.8 tons B.O.D. In 
1946, the B.O.D. concentration dur- 
ing the test period was 1,000 p.p.m. 
No ether soluble taken. 
However, several grab sample tests 
were made in February, 1950, because 
the B.O.D. load at the treatment plant 
had dropped from the daily aver- 
age of 11.9 tons for 1949 to 9.3 in 
January, 1950. The grab sample tests 
averaged about 1,000 p.p.m. B.O.D. 
and the ether soluble test also showed 
an average of approximately 1,000 
p.p.m. Inquiry at the packing plant 
revealed that the daily kill had been 
reduced to an average of 1,250 hogs, 
85 cattle, and no sheep. Based on this 
meager evidence and some other grab 
samples, it is believed that this plant’s 
would contain 1,000 p.p.m. 
B.O.D. of which a very large percent- 
attributable to i 
saponified form. 

The second greatest load comes from 
a packing plant processing about 625 
horses in a 5-day week. Because the 


tests were 


waste 


age is grease in a 


plant has several connections to a large 
interceptor running beneath it, it is 
impossible to closely analyze the con- 
tributed load without a more extensive 
survey than present facilities permit. 
It is known, however, that during 1949 
all of the raw blood and stock pen 
cleanings, and even parts of animals 
that would retained on a_ 6-in. 
screen, were dumped into the sewer. 
The 1946 survey report states that this 
plant could be operated so it would 
only impose a load of 1 ton of B.O.D. 
per day, but it is believed that this 
value was greatly exceeded in 1949. 

A chicken packing plant operating 
in Topeka killed 675,000 chickens in 
1949 


be 


Of this quantity, 75 per cent 
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were killed between June and Decem- 
ber. From the 1946 survey report, 
this load, under careful operation, 
would have a population equivalent of 
1,600 people, or about 0.1 ton B.O.D. 
per day. This also is a conservative 
value, for the waste contains an ap- 
preciable amount of blood and some 
of the manure from the hold-over 
room. 

The largest non-packinghouse source 
of pollution is a creamery. It has been 
judged to produce a population equiv- 


alent B.O.D. load of about 3,000 
people. There are a number of other 
small milk processing plants and 


chicken dressing establishments, which 
would increase the population equiv- 
alent load by another 2,500 people. 
This, with the large creamery load, 
would be about 0.5 ton B.O.D. With 
the packing plants, creameries, ete., 
contributing approximately 5.4 tons 
of B.O.D., 6.5 tons remain to be ae- 
counted for by the other 50,000 people 
the East Side plant serves. 

Normally, the load on the system 
would be figured at 0.17 lb. B.O.D. 
per capita per day; however, prorat- 
ing the unaccounted for 6.5 tons over 
50,000 people gives a B.O.D. load equal 
to 0.26 per person. On the other hand, 
examination of two sewers serving a 
residential section of Topeka reveals 
a B.O.D. load of 1,308 Ib. per day 
from 18,550 people, or 0.07 Ib. B.O.D. 
per per day. From these 
values it would seem that the caleula- 
tion of industrial load has been quite 
conservative or that industry 
imposing a considerable load has been 
missed. It is quite strongly suspected 
that the former is the case. 


person 


some 


Volume of Wastes 


It will be noted by now that no 
mention has been made of volume of 
sewage. In the industries about which 
Topeka is concerned, from all but one 
waste source, strength overshadows 
volume to such an extent that it is of 
secondary importance. The one ex- 
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ception is the summertime air condi- 
tioning flow of 2 m.g.d., which should 
go to storm sewers, as there is little 
reason to add the uncontaminated 
cooling water to the sanitary sewers. 
For the record, however, the packing 
plant that handles cattle, hogs, and 
sheep has about 1.1 m.g.d. flow; the 
horse packing plant, which had 1.1 
m.g.d. flow in 1946, has modified its 
plant operations so that the estimated 
volume is about 0.7 m.g.d.; and the 
chicken packing plant has a flow of 
about 0.4 m.g.d. The total packing- 
house flow, therefore, is about 2 to 2.5 
m.g.d. This sewage is mixed with 
domestic and semidomestic sewage to 
make a total of 7.6 m.g.d. with an 
average B.O.D. of 376 p.p.m. 

During 1949 all samples were taken 
and composited for the full day. As 
a result, no breakdown was possible 
for parts of the day. During January 
and March, 1950, the tests were run 
for 8-hr. periods. The average B.O.D. 
for the first 8 hr. of the day was 120 
p.p.m.; for the second 8 hr., 450 
p.p.m.; and for the third & hr., 245 
p.p.m. The volume loads for the same 
periods were 2, 3, and 2.7 m.g. respec- 
tively. 


Effect on Activated Sludge 


In the operation of an activated 
sludge plant it is very helpful to know 
the B.O.D. load being imposed on the 
aerators immediately—not what was 
imposed five days ago. Although the 
writer has heard of quick methods of 
determining B.O.D., he has no first- 
hand knowledge of them. The next 
best method is to attack the problem 
from the standpoint of the law of 
averages. Inspection of the mass of 
collected data revealed that the sew- 
age strength in any one shift could 
vary from the average by several hun- 
dred per cent. Nevertheless, by re- 
grouping the figures for all the days 
of the week under the day of the week 
on which the tests were made, it was 
found that the loads coming to the 
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plant followed a _ distinet pattern 
After passage through the primary set 
it was found that the con 


sistency of the pattern was more pro 


tling tanks 


nounced than 
B.O.D. load 
for that 
for the expected tons of 
m.g. of flow 

On the basis of the effluent from the 
1950. it 
was predicted that in a 28-day period 
in Mareh, 115.4 tons of B.O.D 
sent to the aeration tanks. Laboratory 
actual aeration 
tank loading to be 117.7 tons of B.O.D 
Two-thirds of the daily 
very little 
dicted 


ever. By dividing the 
for each shift by the flow 
shift, a was obtained 


per 


value 


primary tanks in January, 


were 
analysis showed the 
tests varied 
between actual and pre 
The other third of the daily 
tests varied up to 3 tons, but were so 
scattered among the 
predictions that it has been of 
this method 
not replace the experienced eve of the 
detect 
changes in the sewage load and change 


more accurate 
value 
does 


to use However, it 


operator, who can marked 
the aerator feeding when he believes an 
It should 
be added here that Topeka does not 
treatment to all the 
sewage coming to the East Side treat 
ment plant. However, in 1949 about 
two-thirds of the B.O.D. tonnage re 


ceived at the plant was removed 


adjustment should be made 


rive sec ondary 


Foaming and Rising Sludge 


Lately there have been several dis 
cussions published on the causes of 
aerator foaming. The Topeka aerators 


foamed off and on for years—so badly 


feet 
Coy ered 


that the whole area for 


many 


away from the aerators was 


white foam 


It is thought that this was caused by 


several feet deep with a 


a condition of the sludge brought 
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about by loading an aerator to its 
capacity with a sewage of high grease 
content and then feeding an excess of 
air to the mixed liquor. It is doubted 
that the tanks ever foamed without a 
high D.O. content in the mixed liquor, 
as there is seldom any foaming in the 
first pass of the tanks; it starts in the 
second pass, and when the third pass 
is reached, is in full bloom 
in the aerator feeding plan 
point feeding to 


A change 
from one 
feeding in all three 
passes) is expected not only to reduce 
the foaming, but also to increase the 
aerator capacity 

A recent report of the difficulties en 
countered in operation of an activated 
plant high 
wastes from meat packing (see THIS 
JOURNAL, 22, 6, SO7; June. 1950) de 
scribes the so far unsolved problem, 
at this plant, of a rising sludge blanket 
in the final clarifiers 


sludge treating protein 


Originally, To 


peka had this problem, which was 
never completely solved until 1944 
when the Mallory process was in 


stalled. Although this process was not 
adopted completely for the Topeka 
plant, there has been no further 


trouble with the rising sludge prob 
lem. However, the aerators were oper- 


Adap- 
tation of the Mallory process funda- 


ating at below capacity loads. 


mentals has developed an empirical 
method of controls that allows a con 
siderable 
without 


increase in aerator loading 


causing rising sludge 

The point that should be emphasized 
in this discussion on industrial sewage 
is not the horrors of the continued 
shock loads facing the operator of a 
plant treating industrial sewage, but 
the steady day to day pressure on the 
plant operator that makes solution of 


the problem imperative 
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HANDLING RADIOACTIVE WASTES IN SEWERS * 


By Joun D. 


PARKHURST 


Resident Engineer, County Sanitation Districts Los Angeles County, Calif. 


Types of Radiation 


Natural Radioactivity 


In 1896, Henri Becquerel found that 
certain uranium salts emitted penetrat- 
ing radiations. A few years later, 
Pierre and Marie Curie announced 
that they had succeeded in isolating 
from pitehblende, a uranium mineral, 
two substances that were many times 
more radioactive than uranium. These 
new substances were shown to be two 
new elements—polonium and radium. 
[It is important to emphasize that these 
radioactive elements emit radiation 
spontaneously without the addition of 
energy to them. 

Since then, at least 14 other natu- 
rally radioactive elements have been 
found. Such radioactive elements are 
now known to be intimately related to 
each other in what is called the ‘‘radio- 
active series.”’ These naturally radio- 
active elements’ emissions have come 
to be known as alpha radiation, beta 
radiation, and gamma radiation. 


Artificial Radioactivity 


In 1934, Jolliot and Curie observed 
that when aluminum was bombarded 
with alpha particles from polonium, 
neutron and positron emission did not 
cease immediately upon removal of the 
alpha source. Instead, the positron 
activity decreased exponentially with 
time in the same way as natural radio- 
activity. Today, every element in the 
periodic system has at least one radio- 
isotope, and about 450 induced radio- 
activities are known. Some of these, 
such as P*, and are well 
known for their application to medical 
research and therapy. It is now 
known that artificial radioactivity can 

* Presented at 1950 Annual Meeting, Cali 


fornia Sewage Works Assn.; Long Beach, 
Calif. May 3-6, 1950. 


be induced by many reactions other 
than alpha bombardment 


The Problem 


Whereas the use of natural radio- 
isotopes had confined the experimenter 
to alpha, beta, and gamma radiation 
of rather limited energy and intensity, 
the advent of artificial radioisotopes 
opened up a whole new field of nuclear 
physics. A very rapid increase in pro- 
duction and variation of usage of 
radioisotopes has followed World War 
II. 

Unfortunately, man’s knowledge 
and understanding of radioactive 
waste disposal, the hazards involved, 
legal responsibilities, and effects on 
living tissue, has not kept pace with 
the widespread usage of isotopes. 
None of the tests generally indicative 
of a contaminant in air, water, or food 
and commonly applied to industrial 
waste will reveal presence of radio- 
activity. Secrecy of purpose makes 
the waste disposal problem far more 
difficult of evaluation and correction. 


Hazards 


Again, unfortunately, the exact 
mechanism by which radiation harms 
living molecules, cells, and tissues is 
not sufficiently understood Some 
forms of radiation may cause greater 
amounts of damage, but the general 
type of injury is the same. Mitosis, 
or cellular division, which goes on con- 
stantly in the body, is interrupted by 
the ion path created by a radioactive 
particle. This ion path, depending on 
its strength, may be lethal to the cell, 
or May cause a point mutation in the 
genes, thus causing development of a 
hybrid. 


Many activities are under way seek- 


ing to provide data upon which to 
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evaluate the effects of different radia- 
tions and establish approximate stand 
ards and but the 
are deeply aware of a lack of basic, 
fundamental knowledge of 
effects. Medical 


covered any 


rules, investigators 
radiation 
has not dis- 
which, for the 
moment, will neutralize the tissue dam 


aye of 


research 
treatment 


materials in the 
lack of 
atti- 
methods must be 


radioactive 
body TISSUES Because of the 
knowledge, a 
tude 


exercised 


very conservative 


toward control 

In evaluating the hazards of radia 
tion, it is important to emphasize the 
fact that 


many 


very small concentrations of 
radioisotopes produce tolerance 


doses 


Methods of Disposal of Radioactive 


Waste 
The problem of disposal of radio- 
active wastes from its large installa 


tions has long been a major item in the 
program of the Atomie Energy Com 
AEC With the rapid in- 
crease in use of radioisotopes through 
out the medical 
institutions, research laboratories, and 


mission 


world by industry, 
many other agencies, the problem has 
become equally important to the loeal 
authorities 

Artificial manu- 
factured at the Atomie Energy Com- 


radioisotopes are 
mission's installations and shipped to 

Although the 
AEC carefully 
investigates all requests for isotopes 
prior to 


the purchaser for use 
Isotopes Division of 
shipment, it does not permit 
return of radioactive waste to the com 
MmIssion for disposal, nor does it as- 


sume responsibility for disposal of 


radioactive waste except at AEC in- 
stallations 
Because the disposal of radioactive 
problem to 
AEC laborato- 


Committee on Ra 


considerable 
outside the 
National 
Protection established a 
on Waste Disposal and 
The 


is to study the broad problems of dis 


wastes IS 
recipients 
ries, the 
diation has 
Subcommittes 


Decontamination subcommittee 
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posal and make recommendations ap- 
plicable to the disposal of all radioac- 
tive materials by off-Commission users. 
So far as is known, this report is not 
vet available. 

During the interim period, the Iso- 
topes Division has published its Iso- 
topes Division Circular B-6, ‘‘Interim 
Recommendations for the Disposal of 
Radioactive Wastes by off-Commission 
available through the U. S. 
Atomic Energy Commission, Isotopes 
Division, P.O. Box E, Oak Ridge, 
Tenn. The U. S. Department of Com- 
merce, National Bureau of Standards, 
published Handbook 42, ‘‘Safe 
Handling of Radioisotopes,’’ which is 
for sale by the Superintendent of 
Documents, Washington, D. C. (price 
15 ¢). 

Radioactivity in the form of radio- 
isotopes may reach the sewer in a num- 
First, it may be present 
in excreta from patients bemg treated 
at hospitals, clinics, or medical offices 
If an isotope is used in therapeutie 
treatment, large amounts of the radio 
active waste may appear in the excreta 
and urine of the patient, usually 
within 24 hr. after ingestion. 

Second, it may arrive at the sewer 
in the form of a chemical waste from 
Under the ‘‘In- 
Recommendations,’’ radioiodine 
may be discharged from an institution 
provided the flow from the 
outlet is sufficient to dilute the radio- 
iodine to 0.5 microcurie per liter. Ra- 
diophosphorus may be discharged to 
the sewer provided the sewage flow 
from the outlet is sufficient to dilute 
the radiophosphorus to 0.1 microcurie 
per liter. Both of these dilutions are 
contingent, however, on other specifi- 
cations as to chemical form, total dis- 
charge per week, and nature of final 
sewage disposal. 

Third, it may appear from miscel- 
laneous 


Users,’’ 


has 


ber of ways. 


a research laboratory. 
terim 


sewage 


industrial 
waste, rinse waters from washing oper 


sourees, such as 


ations, and accidental spillages. 


In operating sewers possibly econ- 
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taminated with radioactive materials, 
safety must always be the primary 
consideration. Maintenance personnel 
whose job may require entrance into 
manholes and treatment works must 
be protected from external exposure 
to radiation. Treatment plants dis- 
posing of digested sludge as fertilizer 
must be prepared not to exceed safe 
concentrations of radioactive material 
if the fertilizer is to be spread in 
public parks, citrus groves, or any 
place unrestricted to the publie use. 


Control 

Radioactive isotopes can be dis- 
tinguished by the half-life of the iso- 
tope and the type of radiation given 
off. Fortunately, many of the pile- 
produced isotopes have relatively short 
half-lives, varying from a few seconds 
up to several days. Unless the volume 
of waste is extremely voluminous or 
obnoxious, it is a_ relatively simple 
matter to store the waste at its po‘nt 
of origin for a period of 10 half-lives 
prior to discharge into the sewer. At 
the end of this storage period, the 
specific activity of the waste will be 
less than 1 per cent of its initial ae- 
tivity. 

Radioisotopes with long half-lives 
cannot be economically stored for a 
period of 10 half-lives unless the quan- 
tity is very small. The ‘‘Interim Ree- 
ommendations’ state that each isotope 
should be examined individually as to 
physical characteristics and chemical 
and biological behavior. Disposal can 
then be accomplished by one of two 
general methods—dilution and disper- 
sion, or confinement and control. 


Dilution and Dispersion 


Dilution of radioisotopes may be 
with stable isotopes of the same ele- 
ment in the same chemical form, or 
with media other than stable isotopes 
of the same element (with air, water, 
ete.). Extreme care must be exercised 
in the latter method, as reconcentra- 
tion of the radioactivity by chemical, 


physical, or biological means must be 
considered. 


Confinement and Control 


Confinement of radioactive wastes 
is usually preceded by either dilution 
or concentration. Dilution is with eon- 
crete, for burial at sea; concentration 
is by evaporation, precipitation, ion 
exchange, or incineration. 

Burial grounds for final storage of 
long-lived materials must be carefully 
protected and jurisdiction maintained 
for a long period of time. In this con- 
nection, it seems desirable for a com- 
munity burial ground to be maintained 
by a local authority and made avail- 
able to all users of. isotopes, rather 
than to permit individual grounds for 
each user. 

Disposal of long-lived materials by 
dilution with conerete and burial at 
sea appears to be most suitable for 
metropolitan areas not too distant 
from the ocean. This again should be 
a community enterprise—most logi 
cally by the same local agency charged 
with disposal of other industrial 
wastes. 

As already mentioned, none of the 
usual methods of testing industrial 
waste will detect the presence of radio- 
activity. Special electronic instru- 
ments (with circuits sensitive to the 
ion path created by the radioactive 
particle) are required. Two types of 
these instruments appear to be best 
suited for use in the field. The first, 
commonly known as a ‘‘beta-gamma 
survey meter’’ is a portable detection 
instrument making use of a Geiger- 
Miiller tube. This instrument, when 
used with earphones, is quite sensitive 
and capable of locating even small 
amounts of contamination. Although 
it is equipped with a scale to register 
radiation in terms of milli-roentgens 
per hour, it is probably not too satis- 
factory for this purpose. The Geiger- 
Miiller tube is said to become par- 
alyzed when exposed to strong sources 
of radiation. 
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The second type of meter is known 
as a ‘‘radiation hazard meter.’’ This 
instrument sometimes called the 


‘Cutie Pie,’’ utilizes an ionization 
the detection 


place of the Geiger-Miiller tube 


device in 
The 


paralyzed by a 


‘hamber as 
instrument is not 
strong radioactive field and gives quite 
accurate readings over a wider range 
This particular instrument is most use 
ful in determining permissible ex 
radiation 
types of instrument are 
different 
manufactured 


posure time In an unknown 
field Both 
available in 


several models 


and are commercially 
by a half dozen or more companies 
It should be that both 


ments are sensitive to beta-vamma 


noted instru 


radiation only. If it is suspected that 


the contamination is an alpha emitter, 
an ‘alpha survey meter’? must be used 


This type of meter has been made 


available commercially only recently. 


The permissible whole-body radia 
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tion, or tolerance dose, is highly de 
batable. In the United States, 0.1 
roentgen per day is considered safe 
for workers who receive repeated doses 
in connection with emplovment, where 
as England permits 0.2 roentgen per 
day and Canada has set the level at 
0.05 roentgen per day. 

Whatever the permissible exposure 
may be, it cannot be too strongly em 
phasized that any amount of radiation 
is potentially dangerous and should be 
No 


receive 


avoided whenever possible one 
should feel that he can the 
tolerance limit of radiation with safety 
and permit exposure when it may be 
avoided. if a single 
ionizing event is able to produce an 
altered heredity in offspring through 
injury to a gene, it is evident that even 
a single radioactive particle is poten- 
tially dangerous and that a reduced 


To be specific 


THE DAILY LOG 


Aurora, Illinois 


By Water A 
February 16—Shades of Izaak Wal 
ton! Here is a bullhead story for the 
hooks. The City of Aurora controls 


a large intercepting sewer, which be 


vins in the northwest section of the 
city at 4-ft. diameter and discharges 
into Fox River at &-ft. diameter. Its 


upper end is bar-sereened to eliminate 
and the full flow of a 
ereek At its river end, the 
erlies the Sanitary District's 


trash receives 
sizeabl 
sewer oy 
main interceptor, to which dry-weather 
12-in 
Storm water jumps a dam to the river 
Early in 1949 a spring rain caused 


a freshet in the 


flow passes through a by pass 


ereek, The increased 
flow washed from the ereek’s pools a 
considerable number of bullheads 2 to 
The 


sewaut passed through the elari 


long bullheads survived the 


bath 


SPER 


exposure merely reduces the chance 
of injury 

RY, Supermbe ndent 

fiers and pumps, and lodged in the 


sprinkling filter nozzles before we real 
ized what was happening. The entire 
four acres of nozzles were almost com 
pletely plugged It took 
most two days to hook the 
bent 


Such a phenomenon had never before 


four men al 
fish out with 
wires before order was restored. 


happened 

This spring we were not caught. A 
similar spring freshet again brought 
the bullheads. They 
over the clarifiers and were netted out 
full—and 


Thus we avoided a 


down swam all 


a big bueket returned to 
the river messy, 
smelly job still remembered with dis- 
taste. 

February 24 
has been found for defective concrete 
The April 20, 1950, 


An interesting new use 


burial vaults 
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issue of the Engineering News-Record, 
pp. 62-35, carries an interesting and 
valuable, though embarrassing, story. 
The U. 8. Public Health Service re- 
ports the results of a comprehensive 
study of some 18 forms of septic tanks 
of many and diverse shapes, most of 
which are radically different from tra- 
ditional types planned by most State 
Health Departments. Contrary to 
your Logger’s many cautions to guid- 
ance-seeking citizens to use only state 
plans and to avoid proprietary types 
generally offered by plumbing shops, 
it now appears that any and all forms 
are equally efficient. Yesterday we 
were told that many householders in 
a nearby local housing project are sav- 
ing money by using defective concrete 
burial boxes, with lids, as septic tanks, 
and that they do a good job. 

March 2—A maintenance note of a 
valuable material to be filed for future 
We have two automatic lift sta- 
downtown that remove sewage 
from an island to the interceptor on the 
mainland. 


use. 


tions 


In each of these stations 
the two pumps are located at the bot- 
tom of a 20-ft. deep caisson chamber. 
The pumps are serviced twice a week 
and the removal of leakage water col- 
lecting in the caisson is often a prob- 
lem. In both stations serious leaks 
developed in the suction lines between 
the caisson wall and the wet wells. Re- 
pairs appeared impossible due to the 
close quarters. The leaks were success- 
fully stopped by the use of ‘‘ Water 


Plug’? (Dry Wall Products Co., Eagle, 
Pa.), which flash sets in 3 min. against 


A block 
of the material was molded by hand 
around each of the leaking spots, the 
material being held in place until the 
set occurred. The base of the material 
appears to be Portland cement, but 
ordinary cement could not have been 
used. 

March 10—Today we received a cheek 
for our share of our 1949 corn crop. 
Some nine of front and back 
fields of the plant grounds are gener 


water pressure if necessary. 


acres 
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ally cropped with alfalfa. A local 
farmer cuts the resulting hay three 
times a year on shares. Thus, the un- 
used parts of the plant grounds re- 
main an attractive green, with the weed 
problem controlled. Every four to six 
years, however, crop rotation is neces- 
sary. In 1949 a hybrid corn was 
planted. The yield, about 40 bu. per 
acre, was sold at $1.00 per bushel, on 
the ear; our share was $165, Soy 
beans have been purchased for the 
1950 planting to further control weeds 
and quack grass before returning the 
area to alfalfa. 

March 15—This bit of digester opera- 
tion history is illuminating. Today 
we got out the long sampling pole and 
inventoried the digesters. The No. 2 
digester showed a sludge line at 109 in. 
and had a run of 150 days since the 
last discharge. The No. 3 digester 
sludge line stood at 145 in., with a 
run of 190 days since the last discharge. 
As the ‘‘full’’ line is 163 in., at which 
point the sludge line approaches the 
supernatant overflow outlet level, both 
digesters could yet run many days be- 
fore discharging to the sand beds. The 
total solids averaged 10 per cent, the 
volatile solids 42.6 per cent, the specific 
gravity 1.046, and the pII 6.65. 

Prior to the installation of the 
largest wallpaper printing plant in the 
U.S. as a neighbor—with a clay dis- 
charge from the color pots to our plant 
—these same digesters scarcely aver- 
aged 50-day runs. Then they had a 
total solids content of 5 per cent or 
less and a volatile content of 55 to 
60 per cent. In 1949, as a direct result 
of clay loading, the digester runs be- 
tween discharges averaged 106 days. 
The digester condition noted today was 
the combined result of clay loadings 
and a lean sewage due to unusual rain 
Consequently, the gas was low and the 
digester temperatures 
normal. 

March 31—Figure 1 is the tangible 
evidence that the 21 diaries that have 
1930 exist. They 


were below 


accumulated since 
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are kept in the safe at the Aurora 
Sanitary District office. The little 
black volume on the left begins with 
November 1, 1930; the last one on the 
right is the current 1950 volume. 
They run consecutively as to years and 
and 
including 


are uniform as to size 


Every 


shape. 
day of every year, 
Sundays, has entries 

The importance of keeping a diary 
has been emphasized before in this 
Log and elsewhere. Once, its entries 
saved your Logger from arrest, accused 
of having smashed a police car in a 
nearby town. The diary proved that 
on that date and hour the writer was 
talking to one of his Trustees in the 
plant office. The accused was another 
Sperry with similar initials. The diary 
is the fundamental starting point for 
the administrative side of record keep- 
ing. The daily entries save one from 
forgetting important items that should 
be included in the more formal 
monthly report made to the Board of 
Trustees, Thus, the preparation of 
Board Meeting reports starts with a 
careful combing of the current month 
in the diary. The diary generally re- 
cords the various activities of each day 
by both the superintendent and men, 
Visitors, contacts with 
Trustees, decisions with Trustees by 


conferences, 


phone, moneys received, unusual oc- 


currences, and complaints. Diary 


keeping is, therefore, one of the im- 


portant responsible operation fune- 
tions 
April 3—The day operator just re- 


FIGURE 1.—Evidence concerning 21 years 
of plant affairs at Aurora, IIl. 
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ported his inability to run the cross 
flights in the west tank of our second- 
ary settling tanks. The usual careful 
back-flushing with a 100-g.p.m. house 
pump did not help. A heavy wrench 
with pipe, applied to the drive shaft, 
failed to budge the system. We were 
foreed to pump the tank down with 
our portable gasoline rig, only to find 
a short piece of 2 x 6 wedged in the 


chain. From whence it came no one 
could tell. This process gets monot- 
onous. Twice before it was a fisher- 


man’s bait can blocking the suction 
bell. Sometimes it is an accumulation 
of snail shells and sand from the filters. 
Oddly enough, it is always the west 
side that is in trouble. We have never 
pumped the east side for similar cause, 
vet it is nearest the river, where fisher- 
men often pass. 

April 5—Perhaps it was fortunate that 
the 2 x 6 did give us trouble in the 
secondary tank. While the tank was 
pumped down one of the men noticed 
that a pin in the long flight chain was 
almost out of its bearing in the link. 
Investigation revealed that about 50 
pins in the west chain of the west tank 
needed immediate replacing. The east 
chain was uninjured. The west chain 
appeared to ride one of the sprocket 
wheels. This caused a side pressure on 
the link that was gradually wearing 
away the rivet end of the pin. Some 
careful measurements of the distances 
between the centers of the sprocket 
wheels showed that one of the sprockets 
was out of line. A pair of hydraulic 
jacks loaned by the friendly local 
utility pushed the sprocket back into 
true alignment. Further examination 
of the chain condition indicated that 
by reversing the sprockets and turning 
the chain this summer, several more 
vears of wear would result. Turning 
the chain is easy. We do not like the 
job of turning the sprockets, but chain 
experts tell us that this is a ‘‘must.’’ 
May 1—Never forget that once in 100 
years something catastrophic happens 
with weather, 


either as to rainfall or 
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FIGURE 2.—-Relation of total rainfall to average gas production at Aurora, IIl., during 
5-month period (Dec. 1 to May 1) from 1941 to 1950. 


temperature. Witness the New York 
City water shortage due to the lowest 
rainfall since 1882 and the Red River 
flood problem at Winnipeg, Canada. 
The total gas produced at the Aurora 
plant on January 10 was 6,400 cu.ft. ; 
on April 4, 8,700 eu. ft. This was the 
lowest ever recorded in twenty years. 
The raw sewage B.O.D. averaged 70 
p.p.m. in January, and 42 p.p.m. in 
April. Suspended raw sewage solids 
for the two months averaged 131 and 
142 p.p.m., respectively. The annual 
average received B.O.D. is about 125 
p-p.m., with 200 p.p.m. of suspended 
solids. Our filters and secondary 


tanks were taken out of service on 
Dee. 28, 1949, and not eut in again 
until May 17, partly due to high 
flows in the river and low gas. An oil 
burner was installed on January 12 
to keep the office warm. Not for 20 
vears had there been this need. The 
sewage was lean and the volume large ; 
digester temperatures dropped as low 
as 72° F. For a while some toxic 
waste discharge was suspected until 
we attended an operators’ conference 
and learned that the condition was 
general. As one superintendent put it, 
‘““What can you expect when raw 
sewage B.O.D.’s range in the neighbor- 
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plagued 


same 
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leakage water. All this suggested a 
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review of our records, which resulted 
in the interesting and completely ex- 
planatory story told in the accompany 
ing curve (Figure 2). 


SAFETY AT SEWAGE TREATMENT PLANTS * 


By Gorpon E 


Sanitary Engineer, State 


Safety measures are intended to 


vyuard against a combination of un 
usual events To bring a series of 
such events together so that an ac 


cident can oceur requires time for a 
suitable environment to be developed, 


and three additional factors; namely, 
the scene (designed by engineers), the 
active component (derived from the 


sewage), and the person who supplies 
the action causing the aecident. It ts 
that. 


the person 1s 


quite obvious where danger is 


concerned an important 
factor in whether an accident 
Therefore 
specific operational lines is necessary 


so that the 


oOceturs 


educational training along 
requirements of all eodes, 
ordinances, and safety factors will be 
that 


must 


met. and so every person will 


think and not be 
Occasional 


realize that he 
careless in his actions 
disasters are likely to oecur, even with 
Every plant 
should realize that 


the best of precautions 


rato. 


unless he 
exercises every precaution he may be 
the next victim 

, further the need 


be well to 


rome into 


for safety measures, it may 


consider what kind of accidents have 
happened in the past, and against 
which safety measures are now pro 


vided as a matter of routine 


Obvious Safety Measures 


A fence around a sewage treatment 
plant is worthwhile safety 
Ir fat 1950 A Meeting. Kar 
sus Sewage Works Assi Salina, Kans 


Mat 


Board of Health, Lawrence, Kan 


feature. For some reason, particularly 
where there is a rotary distributor on 
a trickling filter, children like to visit 
the sewage treatment plant and have 
a merry-go-round ride. They also like 
to show off by walking around the 
edges of basins, ete., and as a result 
disaster frequently occurs. 

Some four or five vears ago a young 
boy in a nearby state drowned in a 
sludge storage basin. The plant site 
was not protected by a fence and noth- 
ing prevented the voungster from tres- 
passing when his football entered the 
The ball 
seum, which 
where the 


found on the 
undisturbed 
had fallen 


area, 
sludge 


was 
was 
except boy 
through. 

Other safety features are provided 
in all treatment plants, but are now 
taken for granted and not usually con- 
sidered as being there for protective 
purposes. Some of these are railings 
around open tanks, gratings over open- 
ings in floors, over wet wells, and other 
locations where a man must oeccasion- 
ally enter a unit. A slip or fall could 
be disastrous if such features were not 
provided 

At the 
covers, gratings, 
vided for 


treatment plant. manhole 


railings, etc., are pro 
reasons. Therefore, 
should 
and mainten- 


ance purposes without being replaced 


safety 


such appurtenances never be 


removed for operation 
immediately so that the intended pur- 
pose will be served. Some safety pre- 
any 
However, all ot 
ineffective 


caution may be taken whenever 
hazard is 


these safety 


known 
measures are 
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if one hazard—namely, the hazard of 
carelessness—is not eliminated. When 
people become careless, the best of 
safety measures cannot always protect 
them from disaster. The municipality 
is in error if it does not provide all 
possible safety features. On the other 
hand, the workman is seriously in 
error, and is endangering his own well- 
being, if he does not make use of all 
the safety facilities provided for his 
use, 

Since separate sludge digestion and 
gas collection and utilization practices 
have become common, there have been 
several serious explosions, resulting in 
death or serious injuries. Some of 
these have been due to carelessness, 
whereas others were caused by lack of 
safety features in the plant design. 

It should be remembered that four 
factors are necessary before any ex- 
plosion can occur—the presence of an 
inflammable gas or vapor, oxygen, a 
proper mixture of the two, and a 
source of ignition. Eliminate any of 
these and there is no possibility of an 
explosion taking place. The _ best 
method for controlling the causative 
factors and preventing explosive mix- 
tures of gas and air from being formed 
is to keep the two separated. In sepa- 
rate sludge digestion this is practiced; 
however, every precaution should be 
taken in the vicinity of digesters so 
that the gas cannot become ignited if 
a leak occurs. 


Explosion-Proof Wiring 

At one time, very few special pre- 
cautions were taken in electrical wir- 
ing in a plant. Now, consideration 
would not be given to anything 
but special explosion-proof wiring, 
switches, and motors in the vicinity 
of a digester or gas-holding equipment. 
Such wiring should also be used in 
ventilating equipment removing gases 
likely to contain combustible mixtures. 

Until recent years it has not been 
common practice to provide foreed- 
draft ventilation in those sections of 
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sewage treatment plants located below 
ground level or where either toxic or 
combustible gases may form or collect. 
Such provision is a safeguard for work- 
men entering a gas-filled chamber and 
risking exposure to toxic gases or lack 
of oxygen; also, if operated continu- 
ously, it will prevent formation of an 
explosive mixture. The Kansas State 
Board of Health now requires that 
forced-draft ventilation be provided in 
all such locations. Further, it requires 
that such ventilating equipment be 
started automatically whenever the 
light in these places is turned on. 


Examples of Explosions 


Some examples of past accidents 
reported in the literature will serve 
to indicate how positive ventilation 
and explosion-proof wiring go together 
in explosion prevention. In one in 
stance, a separate sludge digester was 
being pumped prior to making repairs. 
The pump failed to take suction and 
an electric light bulb was lowered into 
the tank to see if the foot valve was 
covered or obstructed. A serious ex- 
plosion took place. It is not certain 
just what occurred, but it is thought 
that the light bulb dangling on the 
end of the cord may have caused a 
spark setting off the explosion. 

In 1940, a digester gas explosion 
occurred at a Michigan sewage treat- 
ment plant. This accident was caused 
by an operator throwing a switch to 
start the stirring mechanism in the 
digester. The switch areed, which re- 
sulted in an explosive mixture of gases 
being ignited. To prevent such an 
occurrence in the future, ventilating 
equipment was installed to change the 
air every 2 to 2), min., and all elee- 
trical equipment was replaced with ex- 
plosion-proof equipment. 

In 1944, about $28,000 damage wes 
done by an explosion at another Michi- 
gan sewage treatment plant. The 
exact cause of the accident was not 
determined, but it was thought that 
digester gas had leaked into the pump 
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room and was ignited by sparks from 
the motors. The pump room was lo 
ground and did not have 
After 
the repairs were made, explosion-proof 
and 
and 
ventilation were provided 
In 1945, at an 
ment 


cated below 
a positive means of ventilation 
electrical motors, a 
forced-draft 


equipment 
waste gas burner, 
Ohio sewage treat 
plant, gasoline fumes were ig 
nited by the are of a switch as the 
mechanical blower was started to ven- 
tilate the room. The operator in this 
case was so severely burned that he 
has been granted total disability by 
the State. 

At one Ohio plant all digester con 
trol and light switch equipment was 
reinstalled with explosion-proof equip 
ment only after an operator 
injured by a control hous 
which occurred 
turned off 
It should not be inferred from this 


discussion that whenever a person en- 


was 
seriously 
explosion, when the 


lights were 


ters a sewer or sewage treatment plant 
area, he is likely to encounter some 
thing 


llowever, as stated, the safety measures 


detrimental to his well-being 
are to guard against possible dangerous 
combinations, even though the prob- 
ability of such an occurrence is low. 
In making sewage treatment plant 
inspections throughout the state, Board 
of Health 
asked questions as to why a man feels 


representatives often are 
indisposed, has a lack of appetite, and 
is not quite up to par for two or three 
days after having worked in a wet well 
or in a manhole where there was septic 
sewage. Such things do not happen 
only in the smaller communities; in 
1949 the newspapers from a large Kan 
sas city carried an item about a work 
man being pulled from a manhole in an 
condition. After apply- 

respiration, he 


UNCONSCIOUS 


ing artificial was re 
vived and was contined to his home for 
several days to recuperate The cause 
of this accident was reported to be a 
lack of 


this partienlar case 


oxygen in the manhole In 


some foresight was 
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shown by not having lost two men 
instead of having one overcome by 
“‘sewer gases.’’ In the past it has 
been very common that when one man 
became unconscious in a manhole, an- 


other one immediately went down to 
help him out and he, in turn, was 
overcome; as a result, two fatalities 


oceurred. Lack of foresight was shown 
in the particular instance cited in not 
providing foreced-draft ventilation in 
the vicinity where the men were work- 
ing. 
Ventilation Required 

Whenever workmen are performing 

duties below ground, in a manhole or 


wet well, forced draft ventilation 
should be provided. In addition, the 
men actually performing the duty 


should have ropes around their bodies, 
with enough men at the surface of the 
ground to be able to lift them to safety 
in the event that they are overcome. 
In one plant, a relief operator was 
overcome by sludge fumes while trans- 
ferring primary sludge to a hopper 
before pumping to the digester. He 
retained consciouness long enough to 


shut off the sludge valve and thus 
escaped drowning sludge. 
Later, an exhaust hood was installed 


so that this could not oceur again. In 
another plant, a search for a gas leak 
disclosed that a water leg in the gas 
system had become dry and had been 
stuffed with rags—obviously, a very 
careless procedure. 

Within the past two years, a plant 
operator was found dead in a sewage 
treatment plant meter pit. The opera- 
tor had entered the pit in his routine 
meter reading. When he did not re- 
turn after an hour or so, his fellow 
workers began a search and found him 
in the meter pit, where an oxygen de- 
ficiency existed 

During the past two or three vears 
the lives of four South Texas sewage 
works men were lost due to accidents 
within the short space of 25 days. In 
the first case, the operator had entered 
the wet well, and apparently been over- 
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come by gas. Upon seeing him in this 
condition, his assistant also entered the 
well and he, too, was overcome. Two 
or three hours later, both men were 
found suffocated in the wet well. In 
the second accident, men were work- 
ing in the bottom of a drain well, 
which received citrus wastes. Of the 
three men overcome by gas, two did 
not survive. 

Natural ventilation is eliminated 
where sewers are flowing under a head, 
and gases from decomposition or in- 
dustrial wastes may collect in a man- 
hole. Maintenance should be carried 
out with every precaution when such 
a condition is present. 

Testing equipment should be avail- 
able, wherever adequate ventilation is 
not provided, so that it may be deter- 
mined whether any explosive or toxic 
gases are present and whether oxygen 
is present in sufficient amounts. A 
common gas mask is worthless if the 
atmosphere shows an oxygen defi- 
ciency. Where temporary ventilation 
is needed, it may be provided by an 
ensilage cutter, or some such similar 
piece of equipment. The cost of rent- 
ing equipment of this type for a day 
or two would not be prohibitive, and 
it would provide a safeguard for 
workers. Larger cities may find it 
profitable to provide their own venti- 
lating equipment. 


Hazards from Industrial Wastes 


One of the most common, and seri- 
ous, hazards in the sewage system is 
illegal discharge of industrial wastes. 
Cleaning fluid, small amounts of gaso- 
line used for cleaning or other pur- 
poses, and waste oil often are dis- 
charged to the sewer system by irre- 
sponsible persons. It should always 
be remembered that gases and vapors 
found in sewer lines will not ignite un- 
less the proper percentage is present 
with oxygen so that an explosive or 
combustible mixture is formed. Under 
proper conditions, only a spark is nee- 
essary to have a disastrous occurrence. 
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Some people make a practice of throw- 
ing a lighted newspaper into a man- 
hole to see if oxygen is present. Such 
a practice may result not only in 
blowing up a sewer, but also in seri- 
ous personal injury. All municipali- 
ties should make a regular practice of 
inspecting sewer systems to see if 
sedimentation is oceurring in any sec- 
tions of the sewer, to see if any septie 
conditions are developing, and to de- 
termine where illegal industrial wastes 
have their origin. They should adopt 
and rigidly enforee controls over any 
illegal practices that may endanger 
the sewers or persons working in them 

In 1949, sewer-wrecking explosions 
occurred in Ohio and Indiana. One 
was thought to have been caused by 
ignition of wasted gasoline; the other, 
by a spark from a short in an under- 
ground cable igniting an aceumulation 
of gases. 

Inadequate inspections may fail to 
disclose that gas from leaks in nearby 
pipelines is entering the sewers and 
forming an explosive mixture. Re- 
cently, a contractor in Kansas was 
seriously burned when he entered a 
sewer, which did not have any sewage 
in it. A gas leak nearby resulted in 
an explosive mixture being present in 
the sewer; the mixture was ignited by 
his lighted cigarette. Hazards have 
been caused by gasoline and fuel stor- 
age tanks being located too close to 
sewers, so that leakage from the tanks 
gained entrance to the sewer. 

In 1947, in Illinois, a sewage treat- 
ment plant operator carelessly tossed 
a match into the comminutor chamber 
at the treatment plant. In the re- 
sulting fire the operator luckily es- 
caped with only singed hair and eye- 
lashes. It was found that gas from 
two leaks in propane gas installations 
was entering the sewer. Such gas, as 
is common with many sewer gases, is 
heavier than air; therefore, it con- 
tinued to move downstream in the 
sewer until it reached the plant. 
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Gas Safety Devices 


If certain safety precautions are not 
taken, all boilers at sewage treatment 
works present a very serious problem. 
Some protective devices are: an ade 
quate pressure release system, a water 


reservolr 


n the cireulating system so 
that there is an adequate water supply, 
automatic control equipment so that 
maximum safe temperatures and pres 
sures are not exceeded, and adequate 
ventilation in the room. Also, it is 
desirable to have all explosion-proof 
electrical wiring in the vicinity of gas 
equipment so that a potential explo- 
sion or fire is arrested if gas escapes 
into the room. Another essential fea 
ture is the provision of flame traps 
on all supply lines to various gas-burn 
ing equipment. The flame trap pro 
tects the gas collection and distribu- 
tion system against entrance of flames 
from points where the gas is used as 
fuel. To insure that pressure regu 
lating gages are serving their intended 
purpose, frequent checks should be 
made to see that they are properly 
adjusted 

In sludge digestion tank mainte 
nance it should be remembered that 
severe burns may result when iron 
sulfide deposits are exposed to the at 
mosphere. lLron sulfide deposits are 
formed by hydrogen sulfide attacking 
steel. Not only may parts of the body 
which come in contact with this prod 
net be burned, but the substance also 
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has been known to have sufficient 


spontaneous heat to cause ignition, re 
sulting in a fire or explosion. 

Other safety features include good 
housekeeping. This means keeping 
all grease, sludge, and any other slip 
pery substance off floors, walkways, 
ete. Hoses, tools, and maintenance 
materials should not be left scattered 
around the plant site 

Water hoses supplied from a mu- 
nicipal system should not be left sub- 
merged, because such practice forms a 
cross connection of the worst type and 
endangers the publie water supply 

Additional precautions which should 
not be overlooked among sewage sys 
tem workers is that thorough washing 
of the hands is necessary. They should 
be continually reminded that sewage 
may carry many pathogenic disease 
organisms; therefore, carelessness on 
their part may result in illness. All 
workers should have typhoid immuni- 
zation, and the shots should be kept 
up to date. It is up to the city gov 
erning body to see that any employee 
exposed to undue danger is as fully 
protected as possible. Superficial 
cuts must not be neglected. To care 
for such injuries, workers should be 
provided with adequate first aid equip- 
ment. 

The foremost thought in the mind of 
every sewage treatment plant operator 
should be ‘‘stop and think,’’ so that 


accidents may be avoided 


City Engineer, Manhattan, Kansas 


sewer or main is an important link, 
the house connection. In a sense, the 


* Presented at 1950 Annual Meeting, Kan 
sas Sewage Works Ass Salina, Kans 


\} 19-21, 1950. 


Between each building and publie 


house connection is a part of both the 
house plumbing system and the public 
sewer system. A break or fault in 
this short system usually brings trouble 
to both the property owner and the 
muunieipality 


| 
j 
: 
i 
: 
Jon 
: 
- 
¥ 
| 
| 
7 
~ qe 


Vol. 22, No. 8 


The Manhattan (Kans.) Plumbing 
Ordinance, although by no means a 
model, is believed to cover most of the 
important factors needed in the con- 
struction of a good serviceable connec- 
tion to the city sewer mains. Four 
very important points concerning the 
building of this connection are: 


1. The types of pipe or tile per- 
mitted. The Manhattan ordinance 
permits use of 6-in. vitrified clay pipe 
and 4-in. extra heavy cast-iron soil 


pipe. 
2. Excavation of the trench from 
the building to the sewer main. The 


use of a backhoe or other mechanical 
device is becoming more popular in the 
excavation of the trench. However, 
the use of mechanical trenchers is not 
recommended, because the operator 
usually is not careful enough about 
the grade and generally fails to go 
over the job thoroughly before start- 
ing. Thus, many times, gas lines, 
water lines, sewers, and other buried 
utilities are either damaged or broken 
in the process. If the operator is care- 
ful in his grading and stays from 6 to 
% in. above grade line, the last few 
inches may be excavated by hand, 
thus assuring a solid and firm base 
under the entire length of the sewer. 

3. The connection of the house lat- 
eral to the city main. This is perhaps 
the most important part of the entire 
project. A poor connection will jeop- 
ardize the operation of the house serv- 
ice, as well as that of the main or 
lateral of the municipality. It de- 
pends on this connection whether or 
not the property owner has a good 
working plumbing system, and also 
whether or not the municipality is 
liable to have trouble with stoppage in 
its mains, affecting not only the serv- 
ice with the poor connection, but also 
many other buildings connected to the 
same main. 

The connection to the sewer main 
can be made in two ways—by tapping 
the main and using a factory-made 
saddle connector, or by connecting to 
Y’s placed in the main during con- 
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struction for this purpose. in Man- 
hattan, the plumber or drainlayer has 
been permitted to tap the sewer and 
install the saddle connector, as stated 
previously. However, this is not the 
best policy for a trouble-free plumb- 
ing or sewer system and it is planned 
in the future to install Y’s in all new 
sewer main construction and require 
all property owners to connect to the 
main by this method. This connec- 
tion, as well as the laying of the sewer, 
must be made by a licensed plumber 
or drainlayer and the work inspected 
by the building inspector before being 
covered, 

Many times investigation of a stop- 
page in the sewer main reveals the 
trouble to be due to a poor connection. 
Some of the jointing compound, mor- 
tar, or other materials may have 
worked through the joint and set up 
in the flow line, making it rough and 
causing solids to build a dam. Also, 
if the plumber or drainlayer is not 
patient and careful when tapping the 
sewer, prior to inserting the saddle 
connector, broken pieces of tile in the 
flow line, or a completely cracked or 
broken section of tile, may result. 
Therefore, the use of Y’s for house 
connections is definitely to be pre- 
ferred as leading to many more trouble- 
free days or months of sewer main 
operation. 

4. The grade on which the house 
sewer is laid. It is essential for good 
operation of the plumbing system 
that this factor be stressed. The sewer 
preferably should be laid on a grade 
of \% in. per ft. (or 2 ft. per 100 ft.), 
with an absolute minimum of \% in. 
per ft. When it is necessary to use 
the minimum grade, construction, 
alignment, and grading are checked 
even more closely than usual. 


If the four points discussed are 
strictly adhered to and the construc- 
tion is correctly followed, a trouble- 
free house sewer connection will result. 
It is well to remember that there is no 
extra cost for careful workmanship, 
but the cost of carelessness is high. 
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“A” for Effort 


Closing date (June 1) for the Fed- 
eration’s 1950 William D. Hatfield 


Award competition brings several last 


minute entries, indicating that more 
and more operators are determined to 
have a try at winning one of the cov 
eted awards. Reports have been re 
ceived from plants of all three award 
classifications as to population served, 
and are as varied in their concept and 
execution as the number of entries. 
Some are beautiful examples of the 
printer's art, lavishly illustrated, and 
obviously the result of cooperative 
effort by sizeable staffs. At the other 
extreme are neat and compact ‘‘one- 
man’ reports from some of the smaller 
plants, with one (59 pages) even 
handwritten and hand-titled. 

The operator submitting this par 
ticular report is to be commended for 
his attitude in entering the competi 
tion despite the handieap of not hav 
ing stenographic facilities available to 
him. Regardless of the final selections 
made by the Operation Reports Com 
nittee, he certainly deserves an ‘‘A”’ 


for effort 


Street Inlets and Storm Sewers 

The Institute for Cooperative Re 
search, The Johns Hopkins Unive 
sity, Baltimore, Md., has tackled that 
xasperating problem of urban life 

the clogged and faulty storm-water in 
and storm sewer J. C. Gever, of 
he University’s Department of Sani- 
iry Engineering, is heading up the 
study for the Institute, which em 
races all the University’s governmen 
tal and industrial research contracts 
The project ealls for the develop 
ment of improved techniques for the 
design of inlets and storm sewers and 
is sponsored jointly by the Baltimore 
Municipal Department of Public 
Works, the Baltimore County Metro 
politan District, and the Maryland 
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State Roads Commission. Results are 
expected to assist in efforts to reduce 
the annoyance and hazard of flooded 
streets and highways with minimum 
expenditure of public money, and will 
be of interest to other cities and states 
across the nation. Millions are spent 
annually by city, state, and town offi- 
cials for storm inlets and sewers, and 
an error in design, either under-design 
or over-design, represents a consider- 
able sum of money. 

One of the first steps has been to 
take the ‘‘street’’ indoors, where Dr. 
Geyer, his team of scientific research- 
ers, and the Storm Drainage Research 
Committee, representing the sponsor- 
ing governmental agencies, are testing 
all types of curb and gutter inlets. 
This hydraulic street model has been 
constructed with both the gutter slope 
and cross street slope adjustable, and 
the water rushes down the 20-ft. 
wooden platform where model inlets 
may be readily iastalled for testing 
under variable discharges, slopes, de- 
flectors. depressions, and other fae- 
tors Concurrent with laboratory 
study, field tests of inlets are being 
made to check the model results and to 
study problems, such as rainfall dis- 
tribution and intensity, that cannot be 
reproduced in the laboratory. 


Recaps for Flight Shoes 


In an effort to reduce material and 
installation costs on replacement of 
worn settling tank flight wearing 
shoes, N. Herda, utilities superin- 
tendent of Ypsilanti Township, Mich., 
has devised a simple angle-iron recap 
to fasten over the original wearing 
shoe 

As reported in the May, 1950, issue 
of Michigan Sewage Works Bulletin, 
the recap shoes were made of 6-in 
lengths of 214- by 3t.-in. standard 
angle iron, punched or drilled on the 


side to accommodate the fasten- 
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ing bolts. Installation of the new 
wearing surfaces on 13 flights in each 
of four primary settling tanks did not 
require the usual dewatering of the 
tanks; it was only necessary to remove 
the top two bolts from each shoe and 
secure the new angle with the same 
bolts. Time to make the installation 
in the four tanks totaled about 8 hr. 
Cost of materials and labor for renew- 
ing the wearing shoe life in the four 
tanks was $76, as compared with a cost 
of more than $200 for replacing the 
shoes during 1946. 


Simple Odor Control 


When F. J. Cramer, superintendent 
of the sewage treatment plant at 
Greece, N. Y., received some com- 
plaints that an odor from the plant 
could be detected, he solved the prob- 
lem effectively by removing the psy- 
chological cause of the complaints. 
The remedy consisted not of deodoriz- 
ing or masking the already inoffensive 
atmosphere of the plant, but of simply 
removing from the entrance to the 
plant drive a large sign reading 
‘““Town of Greece Sewage Treatment 
Plant’’ and substituting in its place 
a small sign containing only the words 
‘*Town of Greece’’! 


Supercharged Dual-Fuel Engines 

Five supercharged dual-fuel 
gines, totaling 2,925 h.p., are being in- 
stalled in the Bay Park activated 
sludge plant of the new $7,500,000 
Nassau County (N. Y.) sewage sys- 
tem. It is claimed that this is the first 
such installation in the Eastern U. 8. 
to be predominantly fueled with 
sludge gas. 

Two of the engines will drive gen- 
erators, which will supply electric 
energy for the treatment plant’s re- 
quirements. Two others will drive 
rotary, positive displacement blowers, 
each supplying 8,500 e.f.m. of free 
air at 8 p.s.i. for distribution in the 
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aeration tanks. The fifth, and largest, 
unit is a combination drive te both a 
500-kw. generator and a 16,000-¢.f.m. 
blower. In the large unit, the engine 
is directly connected to the generator ; 
the blower is connected by means of a 
special coupling, permitting it to be 
disconnected when the unit is used for 
power generation. Space is provided 
for future installation of another com- 
bined unit of the same type. 

In full operation, the Bay Park 
plant will treat 27 m.g.d., producing 
about 170,000 cu. ft. per day of sludge 
gas having a heating value of 550 to 
600 B.t.u. per cu. ft. The engine in- 
stallation is designed to allow maxi- 
mum power for a given space allot- 
ment, as it utilizes the highest thermal 
efficiency of any heat engine arrange- 
ment currently available. 


Practical Public Relations 


One never knows from which diree- 
tion good public relations may one 
day return home, bringing along the 
proverbial ‘‘bacon.’’ A good case in 
point is the experience of James In- 
galls, a participant in a panel diseus- 
sion on ‘‘Digester Operating Prob- 
lems’’ at the 1950 Annual Meeting of 
the Pacifie Northwest Sewage Works 
Association, held in Tacoma, Wash., 
May 10-11. Besides being superin- 
tendent of the sewage treatment plant 
at Coeur d’Alene, Idaho, Mr. Ingalls, 
as a result of his practical approach 
to the matter, is also a member of the 
Idaho State Legislature! 


The Moon and Sewage Disposal 


Through countless ages the moon has 
been credited with mystical effect on 
the course of innumerable earthly af- 
fairs. Some, such as the ebb and flow 
of the ocean tides, are scientifically 
demonstrable; others, such as the rise 
and fall in popularity of ‘‘ Lovers’ 
Lanes,’’ are subject to sentimental 
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NEW JERSEY SEWAGE AND INDUSTRIAL WASTES ASSOCIATION 
35th Annual Meeting 


Trenton, New Jersey, March 22-24, 1950 


The 35th Annual Meeting of the 
New Jersey Sewage Works Association 
was held at the Stacy-Trent Hotel, 
Trenton, N. J., March 22-24, 1950. 
Total registration at the meeting was 
351, only slightly less than the all-time 
record set in 1949. As usual, the As- 
sociation’s famous Speechless Dinner 
and Entertainment, sponsored by the 
Water and Sewage Works Manufac- 
turers’ Association, proved one of the 
popular highlights of the meeting. 

Papers presented at the industrial 
wastes session on the afternoon of 
March 22 were: 

‘*Reduction in Load on Sewage 
Treatment Plants by Fiber Recovery,’’ 
by N. L. Nemerow, research assistant, 


Department of Sanitation, Rutgers 
University. 
“The Treatment of Penicillin 


Waste,’’ by D. L. Muss, sanitary engi- 
neer, Heyden Chemical Corp. 

‘*Breaking in an Industrial Waste 
Treatment Plant,’” by Harold Orford, 
research assistant, Department of Sani- 
tation, Rutgers University. 


The morning session on 
predominantly 
equipment and 
and included the following papers: 


Mareh 23 
devoted to new 


process descriptions 


Was 


‘*New Daytona Beach Process and 
Aero-Accelator,”’ by F. A. Eidness, 
Infileo, Ine. 

Developments in Aeration 
Equipment,’’ by J. D. Walker and J. 
R. Sperry, Walker Process Equipment, 
Ine. 

“Diffused Air in 


Sewage Treat- 


ment,”’ by S. E. Kappe and J. B. 
Neighbor, Chicago Pump Co. 

‘‘Improvement at the Digester,’’ by 
A. R. Reiners, The Cloroben Corp. 

‘The Mechanism of Oxidative Sew- 
ave Purification, Its Measurement and 
Interpretation,’’ by W. Ecken- 
felder, Jr.. and John W. Hood, con- 
sulting sanitary chemist and superin- 
tendent, respectively, sewage treat- 
ment plant, Ridgewood, N. J. 


After a report on Federation affairs 
by R. E. Fuhrman, Federation vice 
president and superintendent of the 
District of Columbia sewage treatment 
plant, the March 23 afternoon session 
heard papers on 


**Sewage Disposal in an Environ 
mental Sanitation Program,’’ by A. H. 
Fletcher, director, Bureau of En- 
vironmental Sanitation, New Jersey 
State Department of Health. 

“The Viewpoint of Publie Officials 
on the Environmental Sanitation Pro- 
gram,’’ by G. H. Cullis, chairman, 
Essex and Union County Joint Meet 
ing Commission 

“The Role of a Sanitary Engineer 
in the Environmental Sanitation Pro 
cram,’ by T. F. Bowe, consulting en- 


cineer, New York, N. Y. 


The bulk of the morning of March 
24 was devoted to an Operators’ Sym 
posium, which included discussions of 
such subjects as sedimentation, diges- 
tion, general maintenance, and labor 
relations. 

At the business meeting preceding 
the symposium, the Association adopted 


1089 


| 
P . . 
a. roceedings of Member Associations 
| 
: i 
f. 
Fi 
4 
| 
if 


1090 


constitutional amendments changing 


New Jersey Sewage 
Wastes Association 
1950-51 were 
Wildwood 
Seid, New 


the name to the 
and Industrial 
Officers elected for 
President: John 
Ist Vice-President: Sol 


Brunswick 


Struss, 


MONTANA SEWAGE 
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August, 1950 


2nd Vice-President: Paul Molitor, Jr., 


Rutherford 


Secretary-Treasurer: Kachorsky 


Manville. 
M.S 


Necretary-Treasurer 


KACHORSKY, 


WORKS ASSOCIATION 


Sixth Annual Meeting 


Missoula, Montana, April 20, 1950 


A record-breaking registration of 
or 2] than the 
highest registration established in 
1949), marked the tenor of the Sixth 
Annual Meeting of the Montana Sew 
age Works Association held at the 
Florence Hotel, Missoula, Montana, 
April 20, 1950 
The one-day tec 


more previous 


hnical program in 


cluded major committee 


Standard 


reports on 
Practices in the Design, 
Construction, and Maintenance’ of 
Sanitary Sewer Systems in Montana’”’ 


and ‘‘The Sehool for Water 
age Works Operators and Managers,”’ 


and Sew- 


as well as the following papers 


“Garbage Collection and Disposal 
in Montana,’’ by H. E. 


Montana 


Garber, sani- 
tary engineer, State Board 
of Health, Helena 

‘Water Pollution Control,’’ by I. 
KY) Warrick, chief, Technical 
Division of Water 
U.S.P.H.S 


Services 
brane} Pollution 


Control, 


‘*Recent Developments in the Sew- 
age Works Field,’’ by G. J. Schroepfer, 
professor of sanitary engineering, Uni- 


versity of Minnesota 


These were followed by a roundtable 
discussion of operation problems, led 
by J. H. 
neer, Helena 

At the business meeting, H. B. 
Foote, director, State Board of Health, 
Helena, was nominated to receive the 
Arthur Bedell 


Morrison, consulting engi- 


ederation’s Sidney 
Award 

Officers elected for 1950-51 were: 
Chairman: Kurt Wiel, Miles City. 
Vice-Chairman: Rodney Preator, 

Helena 
FSWA Director: Earl Eby, Helena. 
Secretary-Treasurer: H. B. Foote, 
Helena. 

H. B. Foorp, 


Necretaru-Treasurer 
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MEMBER ASSOCIATION MEETINGS 


Association 


Pennsylvania Sewage and Industrial 
Wastes Association 


Canadian Institute on Sewage and 
Sanitation 

West Virginia Sewage and Industrial 
Wastes Association 


Iowa Sewage Works Association 


Georgia Water and Sewage 
Association 


Rocky Mountain Sewage Works 
Association 

New England Sewage 
Works Association 

South Dakota Water and 
Sewage Works Conference 

Missouri Water and Sewerage 
Conference 

Federation of Sewage Works 
Associations 

Kentueky-Tennessee Industrial 
Wastes and Sewage Works 
Association 

North Carolina Sewage Works 
Association 


Place 
Pennsylvania 
State College, 
State College, Va 
Bigwin Inn, 
Lake of Bay, Ont 


Hotel Pritchard, 


Huntington, W. Va. 


Hotel Blackhawk, 
Davenport, Ta, 


Ga. Institute of 
Technology, 
Atlanta, Ga. 

La Fonda Hotel, 
Santa Fe, N. Mex. 
Hotel Stratfield 
Bridgeport, Conn, 
Aberdeen, 

S. Dak. 
Sheraton Hotel, 
St. Louis, Mo. 
Hotel Statler 
Washington, D. C. 


Memphis, Tenn. 


Washington-Duke 
Hotel, 
Durham, N. C. 


Aug. 


Sept. 
Sept. 
dept. 


Sept. 


Sept. 
Sept. 


Sept. 


Oct. 


Obet 


Nov. 
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23-25, 1950 


11-13, 1950 


] 4 15, L950 


19-21, 1950 


22, 


27-29, 1950 


28, 1950 


28-29, 1950 


1-3, 1950 


9-12, 1950 


23-25, 1950 


13-15, 1950 
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Reviews and Abstracts* 


Proceedings of the Fourth Industrial 
Waste Conference. Eng. Bull., 33, No 
t (Extension Series No. 68), Purdue 
Univ., Lafayette, Ind. (July, 1949). 
This bulletin contains the papers 
presented at the Fourth Industrial Waste 
Conference, held at Purdue University, 
Sept. 21-22, 1948, as follows 


Making a Waste Survey for a Large 
Industry. By W. J. EvpripGe. Pp. 
7-14 
The need is stressed for effective ad- 

ministration of a pollution control pro- 

gram, for developing waste control 
methods as new products are developed, 
ind for collecting adequate data in old 
plants 

An industrial approach which has been 
successful is described covering such 
points as: employment of competent 
supervisory personnel; use of company 
records to show relation of raw input and 
finished output; use of records to show 
progress; quantities of materials reaching 
sewers, dumps, and atmosphere; provision 

sufficient facilities for laboratory anal- 
yses, experimental work, sampling, and 
flow measurements; publicizing in the 
plant the results of waste reduction cam- 
paigns; studies of applicable treatment 
methods; use of consultants; cooperation 
with pollution agencies; and free exchange 
of information on treatment methods. 


Industrial Waste Treatment and Re- 
covery in West Virginia. By Kenneru 

S. Warson. Pp. 20-31. 
The West Virginia Water Commission 
ngaged in programs of classifying 
lajor stream into quality zones, of 
ng municipalities in the needs for 


sewage treatment, and of cooperation with 
industry in reducing industrial pollution. 
These programs are discussed and _ brief 
reviews given of the tannery, by-products 
coke, and slaughterhouse problems and 
their general solutions. No analyses of 
industrial wastes are given. A table of 
specifications for streams, including coli- 
form, B.O.D., dissolved oxygen, and 
chemical requirements, is given along with 
maps of the resulting water quality zones 
for two rivers, the Potomac and the 
Kanawa. Another map shows the status 
of sewage and industrial waste treatment 
in the state 


Pulp and Paper Mill Wastes in the 
Tennessee Valley. By F. W. Krr- 
TRELL. Pp. 32-39. 

The effects of pollution on rivers in the 
Valley caused by wastes from paper mills 
of various types is described. The mills, 
nine in number, produce wastes with an 
estimated population equivalent — of 
1,225,000, and at the time the paper was 
written changes were planned or under 
way to reduce the load by 40 per cent. 
These changes are mentioned in a general 
way with no details. The effect of wastes 
on one water plant many miles from the 
source of pollution is shown by a table of 
analyses, but no other data are included 
on waste characteristics or the chemical 
and biological quality of the streams. 


The Anaerobic Digestion Rates of Milk 
Wastes. By R. A. Spaunpinc. Pp. 
1-44. 

The results of a series of four tests using 
3-l. capacity digestion tanks equipped with 
stirrers and kept at a constant temperature 
are given. Synthetic solutions of evap- 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 
which might be suitable for abstracting in Tris Journat Publications of public health de- 


partments, stream pollution control agencies 


} 


research organizations, and educational institu- 


tions are particularly desired Address such material: Federation of Sewage Works Assns., 


325 Ilinois Bldg., Champaign, Ill 
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orated milk diluted to B.O.D. concentra- 
tions ranging from 380 to 3,300 p.p.m. 
were digested using a 6-day detention 
period. At this rate there was no souring 
or building up of the volatile acids. The 
effluent had a disagreeable odor, which 
was readily dispelled by a short aeration. 
B.O.D. reductions of 90 to 99.5 per cent, 
or an average of 0.0343 lb. per cu. ft. of 
tank capacity, were reported. 


Waste Treatment Facilities of the Belle 
Center Creamery and Cheese Company. 
By D. G. Netti. Pp. 45-53. 

The creamery processes about 150,000 
lb. of milk daily, the principal products 
being cheese and milk sugar derived from 
the cheese whey. Waste discharge is to a 
small stream, and a $65,000 chemical 
precipitation, rapid filter type plant, 
designed to handle 40,000 g.p.d. at 6,000 
p.p.m. 5-day B.O.D. and operated for one 
year, did not eliminate pollution. 

Before remodeling the treatment plant a 
study was made of the wastes, following 
which both the volume and concentrations 
were reduced. The extent of reduction 
compared to increased milk intake over a 
3-month period is plotted graphically. 
The plant was remodeled to treat 25,000 
g.p.d. at a B.O.D. of 1,200 p.p.m. 

The new plant consists of two sumps 
with preaseration, 25 g.p.m. pumps, two 
metering and flow regulating boxes, two 
aerators, three blowers, a clarifier, and a 
sludge digester. These units and their 
operation are described in detail. 

The results of analytical determina- 
tions of the plant operation are not given, 
but it is stated that the effluent is clear, 
has an average D.O. of 3 p.p.m., and a 
B.O.D. of less than 19 p.p.m. 


An Aeration Plant for Milk Waste Dis- 
posal. By W. Scorr Jonnson. Pp. 
54-62. 

The layout and operation of the waste 
treatment works for the Kraft Foods 
Company cheese plant at Mansfield, Mo., 
is described in detail. Wastes are treated 
in two grease traps in series, and an 8,700- 
gal. aeration tank, with air provided by a 
65-c.f.m. blower. At a measured flow of 
12,000 g.p.d., 7.8 cu. ft. of air was provided 
per gallon of waste. The entire flow 
occurs during approximately 12 hr. and 
effluent is recirculated throughout the 
remaining period. 
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The plant was designed to supply suffi- 
cient air in fine bubbles to maintain aerobic 
conditions, but not to produce an activated 
sludge. A 24-hr. detention was planned, 
but at the time studies were made, de- 
tention was only 17 hrs. At this loading 
only one 24-hr. test was made, and it 
showed an 18 per cent B.O.D. reduction 
when the raw B.O.D. was 1,268 p.p.m. 


Industrial Sanitary Engineering in Dairy 
Plant Management. By M. D. San- 
pERS. Pp. 63-66. 

The article points out in general terms 
the ways in which sanitary engineers can 
be of value to the milk industry in working 
with management to reduce losses and 
plan treatment, and how cooperation with 
the supervisory personnel at the local 
disposal plant may result in solutions of 
problems, such as whether it is more 
economical to discharge to the treatment 
plant or to reduce losses through the use of 
waste-saving devices. 


Two-Stage, High-Rate Trickling Filters 
for Dairy Waste Treatment. By H. A. 
Trester ano H. G. Harpine. Pp. 
67-79. 
The opinions and conclusions of several 

promoters and investigators of one- and 

two-stage, high-rate, recirculating filters 
are summarized to show what has been 
used and recommended for treating do- 
mestic wastes. Four milk waste treat- 
ment plants, constructed under the super- 
vision of the National Dairy Research 

Laboratories, are described, and good 

tables of design and operation data are 

given. These plants have specially de- 

signed circular clarifiers, one half used as a 

primary and the other half as a_ final 

settling tank, with a common sludge 
hopper. Three of the plants have two- 
stage filters arranged concentrically in 
single units with common four-arm dis- 
tributors. Design capacities range from 

20,000 to 100,000 g.p.d.. and the filters 

operate at approximately 15 m.g.a.d. 
Results of a number of tests are given, 

and calculations are made to show effi- 
ciencies and filter loadings and removals 
per cubic yard of filter media. The 
average B.O.D. removed per cubic yard of 
media for each test ranged from 0.84 to 

1.69 lb., with average plant efficiencies 

ranging from 86.2 to 95.8 per cent. 
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Composting Spent Hops. By Cuartes F. 

NILes, JR Pp. 80-93 

Spent composted hops have been used 
as a fertilizer and soil conditioner. Meth- 
ods of composting were studied, using two 
composts in 4-gal. crocks and two out of 
doors at the Lafayette, Ind., brewery 
hose out of doors were 18 ft. in cireumfer 
ence and 4 and 6 ft. deep. Horse manure 
was used in three trials and various 

fortifiers”’ in all. 

Three to four months’ composting 
showed 55 to 70 per cent solids reduction 
ind approximately 50 per cent nitrogen 
reduction No manure was added to one 
outdoor compost and it was c yncluded 
that none was necessary. Air penetrated 
only approximately 18 in. into the pile 
and appe ired to be necessary for satis- 
factory decomposition No odor nuisance 
resulted from any of the composts, even 
when the material in one case was turned 
over to expose new suriaces. 

Others reporting on the fertilizing values 
of composted hops differ in their opinions 
and Tht studies were made here to deter 


nine the amount of nutrients available. 


Anaerobic Treatment of Distillery Wastes 
Pilot Plant Studies). By Arex B. 
Davipson AND JAmMes F. Banks. Pp. 
94-105. 

The paper opens with a concise descrip- 
tion of the separation and drying of both 
thick and thin spent mash, which by- 
products are not included in distillery 
wastes. The composition of average 
wastes 1S given 

Five groups of digestion experiments 
were made, the first three on a batch basis 

ing 4-1. laboratory bottles, and the last 
two in a 17-1. jar. These units were 
equipped with agitators and appurtenances 
ing and withdrawing wastes and 

r removing gas 

In the batch studies after the established 
digestion period elapsed, the digester 
contents were settled for 1 hr., clear 
supernatant was withdrawn, and_ fresh 
raw wastes were added to refill to the 


original level. Supernatant was aerated 
301 ind settled Lhr. Five-day B.O.D. 


vas determined for the raw, the original 
supernatant, and the aerated supernatant 
The volume and time spacing of with- 
drawal was arranged to give detentions 


of 48, 67 to 73, and 22 to 35 hr. Graphs 


August, 1950 


are included showing gas collected, B.O.D. 
of the raw wastes, and per cent B.O.D. 
reduction for the settled digester effluent 
before and after aeration. Results for a 
48-hr. digestion period showed an average 
over-all B.O.D. reduction of 98 per cent. 

In the continuous feed studies, 30- and 
22-hr. detention periods were used, with 
an over-all B.O.D. reduction of 93 per cent 
obtained for the 30-hr. period. At the 
shorter period the effluent contained a 
considerable amount of sludge. Opera- 
tional difficulties for the smaller units 
make larger-scale work desirable 


The Treatment of Compressed Yeast 
Effuents. By EK. H. Truspnick AND 
W. Rupours. Pp. 109-121. 

This material is covered in a series of 
six articles in Sewage Works Journal ending 

21, 6, 1028. 


Research in the Disposal of Distillery 
Wastes. By FE. C. Parrer. Pp. 122 
128 
A summation of disposal processes is 

given for wastes from whisky and brandy 
distilleries. The manner of separating 
solids from liquids is determined by an 
over-all cost balance, and a table showing 
clarification methods and efficiencies is 
given for grain distillery slop. 

In whisky processing the use of screens, 
presses, evaporators, rotary dryers, Spray 
iryers, filters, and centrifuges is discussed. 
Processing depends on the by-products 
made, such as high-vitamin feeds, proteins, 
chemicals, and yeast. Although complete 
reclamation of slops is desirable, the need 
and use of biological treatment for wash 
waters and evaporator effluent is men- 
tioned. 

srandy slops are similar to distillery 
slops, with the addition of wine tank 
settlings and grape seeds and skins. All 
concentrated wastes are mixed and handled 
similarly to those of a grain distillery, 
except that the concentrated syrups from 
the evaporators are cooled and the cream 
of tartar that erystalizes is removed by 
centrifuging. Digestion of brandy slops 
has been investigated with poor results. 

The corrosion due to the use of high- 
velocity evaporators and the possible re- 
turn of low-velocity units, or the use of 
high-cost alloy construction, is briefly 
discussed. 
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Design of a Grease-Recovery Plant for a 
Meat Packer. By Artruur H. Bearp, 
Jr. Pp. 129-140. 

A review of data on weights of animals 
slaughtered, volumes of wastes, and quan- 
tities of B.O.D., suspended solids, and 
grease in the waste, obtained by several 
prominent investigators and the author, is 
given. There is considerable variation in 
the data, that for grease showing from 1.3 
to 7 lb. per 1,000 lb. of live weight. 

There are two types of grease: (1) fats 
resulting from slaughtering and dressing, 
and (2) fats or oils from the cooking, 
curing, and rendering processes. Separate 
facilities are recommended for recovery of 
each. Slaughtering wastes separate 
readily and should be removed before 
being combined with process fats. The 
types of units required and sequence of 
their use are discussed. 

Particular attention is given to such 
factors as collection of various grades of 
grease, rapid handling of the accumulated 
grease to prevent acid conditions and 
resulting deterioration, and the exclusion 
from the separators of wastes that would 
reduce the degree of recovery and quality 
of the grease. 

On the basis of average waste volumes 
and grease and solids data, a design is out- 
lined for a two-stage recovery system, 
using aero-flocculation, for a large packing 
plant processing cattle and hogs. The 
basis of design and the reason for each 
step in the planning is given, and an 
estimate of costs, value of the recovered 
material, and profit are included. 


Research in Anaerobic Treatment of 
Canning-Plant Wastes. By 0. H. 
Herr. Pp. 141-149. 

Laboratory studies by graduate students 
on separate digestion tests of synthetic 
tomato, pumpkin, and pea wastes are 
described and tables showing results are 
included. Gallon glass jugs were used 
for test runs covering 6 to 14 days. 

Various loadings were used, ranging 
from 0.863 to 10.4 Ib. of B.O.D. per 1,000 
cu. ft. of digester capacity for tomato 
wastes, and 5.75 to 29.5 lb. B.O.D. per 
1,000 cu. ft. for pumpkin wastes. Graphs 
are given showing the relation between the 
pounds of B.O.D. added to the digesters 
and that removed. Tests were 
plete for pea wastes. 


incom- 
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Using data obtained, examples are given 
showing how to compute the capacity of a 
lagoon required to reduce the B.O.D. to 
any figure. 


Anaerobic Digestion of Tomato and Pump- 
kin Wastes. By R. A. CANHAM AND 
Don E. Pp. 150-177. 
Mixed domestic sewage and tomato 

canning wastes were digested in a 3,650- 

gal. tank equipped with stirring paddles. 

Three short tests were made (digestion 

periods of 10, 7.5, and 5 days) with wastes 

introduced over periods of from 2.25 to 8 

hr.; one was made with a continuous load- 

ing at the rate of 0.86 g.p.m., or a digestion 
period of 2.9 days. Tables of daily 
operating and analytical results show the 
best B.O.D. removal, averaging 5.17 Ib. 
per 1,000 cu. ft. of digester capacity per 
day, with the loading averaging 7.75 lb. 
per 1,000 cu. ft. and a digestion period of 

7.5 days. 

Supernatant from a mixed domestic 
sewage and synthetic purapkin waste was 
digested for 12 days with a batch feed 
every other day at the rate of 40-days 
detention. In starting, the tank was 
filled with a weak waste; the dilution 
affected the laboratory results. Calcuia- 
‘tions showed B.O.D. removal to range 
from 0.53 to 1.74 lb. per cu. ft. of digester 
capacity daily. 

W. A. Hasrurruer 

Treatment of Paper Mill Wastes in Bio- 

chemical Oxidation Ponds. By C. C. 

Porrer AND F. W. Bisnop. Ind. and 

Eng. Chem., 42, 1, 102 (Jan., 1950). 

At a Texas paper mill using pine as raw 
material for manufacturing ground wood 
unbleached and bleached kraft pulp, the 
plant wastes discharge into an intermittent 
stream, which flows several miles to a river 
having a very low flow during the summer 
months. Laboratory work showed that 
chemical treatment of the wastes would 
be impracticable, and inasmuch as the 
topography of the plant site and sur- 
roundings permitted the construction of 
impounding reservoirs it was decided to 
study the effect of storage on the wastes. 
Storage tests were performed under aerobic 
and anaerobic conditions. 

Fairly large-scale field studies were also 
conducted. The latter studies showed 


that the rate of B.O.D. reduction after 10 
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days of storage was very slow as compared 


to that of the first 10 dave. Based on 


laboratory and field studies, two large 
earthen reservoirs, each of 50-acre extent 
were constructed. The total volume of 


250 acre-ft. provided a detention time of 
12 c.f.s 
pattern of B.O I) 


about 14 davs at a 


typical 
through the 


waste flow. 
reduction 


nonds 


! was: mill outfall, 200 
p.p.m.; effluent of first pond 160 p.p.m.; 
effluent of second pond, 120° p.p.m.; 
econd pond effluent at river, 90 p.p.m. 
With the reservoirs in operation and a 


river flow of 400 c.f.s., the dissolved oxygen 
it the sag point in the river was 4.1 p.p.m 


With a dilution ratio of 4.5 to 1 the 
dissolved oxygen fell to 3.4 p.p.m. During 
the months of August and September, the 


iverage the impounded 
and the B.O.D. pattern 
was: mil) effluent, 200 p.p.m.; first pond 
effluent, 120 p.p.m.; second pond effluent 
effluent at p.p.m. 
B.O.D. decreased 55 p.p.m. in 
through 10 mi. of bed 


between the second pond and the river 


temperature of 


waste was 89°] 


p.p.m 
rhus, 


flowing 


river, 35 
stream 


slue-green algae growths were noted along 
this bed The pH of the waste 
throughout the system varied 
7.8 to 8.6 Normally 4,500 lb. per 
were included in the mill 
sulfate 


stream 
disposal 
from 
sulfate 
The 


day of 
effluent concentration 
reduced to zero in the pond 
effluent. This is believed to result from 
the action of reducing bacteria. 
As impounded kraft mill waste ordinarily 
has a bad odor, it was difficult to determine 
that the sul 


was 


second 


sulfate 


fate reduction was contributing 


any more 

During 2 years of operation considerable 
sludge and scum accumulated; it was 
ipparent that eventually sludge removal 
would pose a serious problem. Following 


eXpansion 


additional 10-e.f.s 


1948, which placed an 


load on the ponds, 4 


esedimentation pond was built. This 
was designed for a 16-hr. detention time 
nd constructed so as to permit easy 
innual 

The authors conclude that the use of 
oxidation lagoons should not be presented 
is a cure-all, but rather as a pollution 


abatement procedure which may be util- 
ized under favorable conditions 


Paut D. Haney 
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Some Aspects of the Law Relating to 
Sewers and Drains. By J. A. GALLo- 
way. Surveyor, 109, 97 (Feb. 17, 1950); 
and 113 (Feb. 24, 1950). 

This rather long and involved 
states that the general statute law 


paper 
Brit- 
ish) relating to sewers and drains outside 
London is almost wholly contained in Part 
II of the Public Health Act, 1936, the 
Public Health (Drainage of Trade Pre- 
mises) Act, 1937, and the Rural Water 
Supplies and Sewernge Act, 1944. The 
provisions of the Public Health Act, 1875, 
relating to sewers and drains were repealed 
by the 1936 Act. 

There are three parts to the paper. 
The introduction, Part I, shows the main 
changes in the law brought about by the 
1936 Act. Part II, on public sewers, deals 
with the powers and duties of local 
authorities. Part III, on private sewers 
and drains, is a discussion of sore of the 
powers of local authorities and private 
owners regarding sewers and drains other 
than pablie sewers. 

T. L. Herrick 


Mechanical Filtration of Sewage Effluents. 

Surveyor, 109, 81 (Feb. 10, 1950). 

This article contains discussions of the 
paper of the same name which appeared in 
the Surveyor, 108, 581 (Sept. 30, 1949). 
The abstract of the original paper appears 
in Tuts JourNAL, 22, 4,579 (Apr., 1950). 
The continued in the 
February 17 issue of the Surveyor. 


discussions are 


T. L. Herrick 
Some Notes on the Basis for Design of 

Low-Rate Trickling Filters Purifying 

Domestic Sewage. By Jonun H. Wat- 

ron. Jour., Inst. San. Eng., 32, Part 1, 

49 (Jan., 1950). 

This paper illustrates the use of a chart 
in the design of low-rate trickling filters, 
when the dilution available and the stream 
requirements to be met are given. 


T. L. Herrick 


Rivers Pollution Prevention. By G. E. 
Wacker. Jour., Inst. San. Eng., 49, 
F Part 1, 36 (Jan., 1950). 

A discussion of the pollution control 
acts in force in England is presented under 
the following general headings: 
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A. The common law position. 
B. Statutory prohibition of pollution. 


1. Rivers Pollution Prevention Acts, 
1876 and 18938. 

2. Salmon and Freshwater Fisheries 
Act, 1923. 

3. Disadvantages of existing statute 
law. 


C. The Thames catchment area. 


1. Statutory powers—Thames Con- 
servancy Act, 1932. 

2. Constitution of the Conservators. 
3. Administration in connection with 

river pollution prevention. 

D. River Boards Bill. 

Ek. The solution of the problem. 

F. Conclusion. 


T. L. Herrick 


The Public Sewer. By Sipney F. Ricu. 
Jour., Inst. San. Eng., 49, Part 1, 12 
(Jan., 1950). 

This is ‘an examination of the funda- 
mentals in sanitary law and administra- 
tion” in English practice. The meaning 
of the terms “sewers” and “drains” is 
discussed. Legal decisions on the use of 
the terms are cited. 

T. L. Herrick 


Sewage Disposal in Sub-Tropical Countries 
with Special Reference to the Union of 
South Africa and Mauritius. By FE. J. 
Hamun. Jour. and Proc., Inst. Sew. 
Purif., Part 3, 235 (1949). 

It is pointed out that South African 
towns are laid out so that the population 
per acre is as low as four persons. This 
has affected the cost of sewers and the time 
taken for sewage to reach the works, which 
in turn affects the design of the plant. 
Variations in rainfall are discussed. Ex- 
tremes range from 17.2 in. per year 
average for the Union of South Africa to 
over 100 in. in Mauritius. Over 300 in. 
have been recorded for one year there. 

Regarding the effect of diet on sewage 
disposal, it is pointed out that in South 
Africa about 80 per cent of the population 
lives on a diet composed principally of 
carbohydrates. It has been found almost 
impossible to digest the material from 
bucket removal night soil systems where 
the majority of the people live on such a 
diet. However, bucket contents dis- 


charged into a sewer and mixed with 
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sewage of a European population are 
amenable to the digestion process. 

There is a good supply of manual labor 
in South Africa. In some sub-tropical 
countries the aim is to design sewage 
works with as little mechanical equipment 
as possible. 

T. L. Herrick 


Investigations on the Dynamics of Aera- 
tion. (The Aeration of Clean Water). 
By A. Ho.troyp and H. B. Parker. 
Jour. and Proc., Inst. Sew. Purif., Part 
3, 292, (1949). 

Experiments carried on with a_ pilot 
plant and in the laboratory on the rate of 
solution of oxygen in water are described. 
Included are 13 figures and 3 tables. 


T. L. Herrick 


Waste Waters from the Manufacture of 
Cider and their Treatment in Percolat- 
ing Filters. By bk. EF. Jones. Jour. 
and Proc., Inst. Sew. Purif., Part 2, 212 
(1949). 

Studies were made at a cider factory to 
determine the amount of polluting matter 
discharged and to find the most suitable 
conditions for treating a mixture of sewage 
and waste water in trickling filters. It 
appeared that most of the pollution came 
from the bottling and bottle washing de- 
partment and from the washing of filter 
cloths. The oxygen demand of a mixture 
of all waste waters was estimated to be 
about 1,130 p.p.m. 

Experimental work included tests with 
9-in. diameter filters containing 3.75 ft. 
of coke media graded } in. to 14} in. After 
all filters were matured by applications of 
settled domestic sewage, they were used 
with various methods of operation. Filter 
1, used as control, was fed settled domestic 
sewage by single filtration. The others 
were fed a mixture consisting of one volume 
of settled sewage and one of diluted cider. 
Filter 2 was used to treat the mixture by 
single filtration. Filters 3 and 4 were used 
as recirculation units, returning two and 
one volumes, respectively. Units 5 and 
6 were used as alternating double filtration 
units. The mixtures of settled sewage 
and diluted cider were made up to ap- 
proach the strength of sewage at the town 
outfall (about 800 p.p.m. 5-day B.O.D.). 

Treatment by single filtration is not 
recommended for cider wastes, or for a 
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ewage containing a high proportion of 
Although double filtration 
produced good effluents, the primary 
effluent was such that it was not certain 


ich wastes 


that the process would continue to give 


large seale. It appears 


good effluents on a 
that filtration with recirculation would be 
the most suitable process With a B.O.D 
of 650 p.p.m., filtration with recirculation 
of an equal volume of effluent gave good 
results at a rate of 61 g.p.d. per cu. yd 

It appears that if cider wastes were to 
be treated without admixture with domes- 
tic sewage difficulty might be encountered 
because of the low concentration of 
nitrogen. Results would probably be 
greatly improved by the addition of at 
least 30 p.p.m. of nitrogen. 


T. L. Herrick 


A Preliminary Study of Ova and Cysts in 
Cydna Digested Sludge. By E. 38. 
Hoaa Public Health (So. Africa), 14, 
1, 27 (Jan., 1950). 

The presence of viable ova of intestinal 
parasites in digested sludge is a moot 
question. It has been assumed without 
specific study that drying the sludge was 
effective in destroying those escaping the 
tecent work done by 
two or three independent laboratories has 
shown that this is not the case and that a 


large percentage ol the ova survive the 


digestion process, 


digestion and air drying. A maximum of 
5.5 per cent moisture 1s necessary to en- 
sure the destruction of the ova of ascaris 
dehydration 
The nematode ascaris (intestinal round 
the eggs of which are extremely 
istant to drying, were selected for study. 
Digested sludge containing viable ascaris 
va Was spread out in layers from 1.5 to 
Gin. deep for atmospheric drying. Initial 
sludge had a moisture content of 84 per 
nt and of the eggs examined 45 per cent 
moisture content drop- 
luring 5 weeks, but the ratio 
iable eggs to those showing no segmen- 
tation remained very much the same 
except in the 1.5-in. thick laver, where the 


moisture content dropped very rapidly 
until it was less than 3 per cent at the end 
f the fifth week. The viable eggs 
onstituted 15 per cent in this case The 


sludge layers were allowed to stand for 
three months Very few eggs were found 
the 1.5-in. layer, with no signs of 
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viability. The 3-in. and 4.5-in. layers, 
however, showed the presence of viable 
iscaris ova, although the numbers were 
very much reduced. It was concluded 
that sun drying of sludge in thin layers for 
iong periods is effective in destroying 
iSCaris OVA. 


H. HeUKELEKIAN 


A Contribution to the Discussion on the 
Hazard of Ascaris Infection from Sew- 
age. By A. J. Onsensrern. Public 
Health (So. Africa), 14, 1, 29 (Jan., 1950). 
Ascaris lumbricoides is parasitic to pig 

and man. Development of the egg takes 

place in the small intestine. Eggs do not 
normally develop into larvae outside the 
animal body. The egg is extremely 
resistant to unfavorable conditions, and in 
favorable environment may survive for 
several years. The larvae pierce the 
mucosa of the intestine, enter the blood 
stream, and appear in the liver and the 
lungs, and pass through the trachea, 
esophagus, and stomach back to the 
intestine. Ascaris infestation is much 
more likely in a coramunity where the 
disposal of night soil is by deposition on 
the surface. It takes a good deal of 
infestation to produce parasitation. In 
infected communities, ascaris Ova are 
found in unfiltered sewage effluents and 
in digested sludges. Sand filters remove 
the ova mechanically, without affecting 
their viability. A plant consisting of 
sedimentation and trickling filters was 
investigated. The effluent from the plant 
is used for watering a golf course. The 
sludge is only partially digested, air-dried 
first in underdrained beds, and then in a 
layer a few inches thick on a concrete 
platform. It is then composted. It was 
concluded that there was no serious hazard 
to the golfer playing on the links and in the 
use of composted or well-dried sludge on 
lawns and gardens. Vegetables grown on 
land irrigated with settled sewage can be 
handled and eaten with reasonable safety. 


H. HeuKELEKIAN 


Boston Main Drainage Works. Proposed 
Calf Pasture Sewage Treatment Plant. 
By Joun F. Fuanerty, Eric Reeves, 
Exvson T. Kittam. Jour., Boston 
Soc. of Civil Eng., 37, 1 (Jan., 1950). 
This is a symposium of three papers deal- 

ing with the sewage treatment problem 


| 


EG 
va 
: 

BE 

Fe 

a 

Ree 

‘| 
2 


4 
: 


Vol. 22, No. 8 


involved with the Boston Main Drainage 
Works. The Boston Main Drainage 
serves Boston proper, South Boston, and 
parts of six other communities. It is 
under the jurisdiction of the City of 
Boston. Flow is by gravity to the Calf 
Pasture pumping station, where cage 
screens are provided. From here the flow 
is passed through an inverted siphon 
under Dorchester Bay to Squantum, 
thence through an outfall sewer to storage 
basins on Moon Island. Sewage is dis- 
charged from the basins on the ebb tide. 

A plant has been designed for the Calf 
Pasture site which will provide screening, 
sedimentation, chlorination, and digestion. 
Digester gas will be utilized in dual-fuel 
engines. The plant is designed for a flow 
of 85 m.g.d. and a population of 500,000. 

Attention is called to other recent papers 
on the Boston situation. They are ‘“Sew- 
age Treatment and Disposal for Boston,” 
by J. F. Flaherty (Tais Journat, 22, 3, 
277; Mar., 1950); “Maintenance and 
Operation of Metropolitan Boston Sew- 
ers,’ by T. A. Berrigan (Tuts JourNAL, 
22, 3, 296; Mar., 1950); and “Sewage 
Works Development in the Massachusetts 
Metropolitan District,”’ by K. R. Kenni- 
son (THis JoURNAL, 22, 4, 477; Apr., 
1950). 

T. L. Herrick 


Radioactive Tracers in Flow Tests. By 
8. Jour., Boston 
Soc. of Civil Eng., 37, 49 (Jan., 1950). 
This paper is a report of study under a 

scholarship from the John R. Freeman 

Fund. It discusses the history of flow 

measurement by chemical means, and 

describes laboratory investigations of the 
salt-velocity method in conduits. 

Most of the paper is devoted to studies 
on the use of radioactive isotopes as 
tracers for flow tests. The isotope used 
was Iodine™, which has a half-life of 8.0 
days. 

T. L. Herrick 


Treatment of Waste Waters from the 
Pickling of Steel. By G. E. EDEN anp 
G. A. Truespate. Jour., Iron and 
Steel Inst. (Brit.), p. 281 (Mar., 1950). 
Experiments of Gehm on the neutraliza- 

tion of dilute solutions of sulfurie acid by 

application in upward flow to a bed of 
limestone grit have been extended by the 
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authors to show that the limiting concen- 
tration of acid that can be satisfactorily 
neutralized in this way is dependent on 
the temperature of the solution. The 
concentration of sulfuric acid (as H»SO,) 
which could be continuously neutralized 
without causing inactivation of the par- 
ticles of limestone ranged from 9,880 
p.p.m. at 6° C., to 4,360 p.p.m. at 30.4° C., 
and at any given temperature appeared to 
correspond approximately to the concen- 
tration of sulfate in a solution of caleium 
sulfate saturated with respect to the 
metastable calcium sulfate hemihydrate. 

When the method was applied on a 
laboratory scale to neutralization of solu- 
tions similar in composition to waste 
washing waters from sulfuric pickling of 
steel, iron in the form of ferrous sulfate 
did not interfere with neutralization of 
free acid and was not precipitated in the 
bed. Although iron in the form of ferric 
sulfate did not interfere with neutraliza- 
tion of free acid, hydrolysis of residual 
ferric sulfate caused an increase in the 
titratable acidity of effluent from the bed; 
some precipitation of ferric iron was 
brought about by the action of the lime- 
stone. 

The process of application at a high rate 
of upward flow to a bed of small particles 
of limestone might be of value in reducing 
the acidity of waste waters from the pick- 
ling of steel, and would have the advantage 
that large volumes of waste water could 
be treated in a comparatively small plant. 


H. P. 


Petroleum from Fermentation. Science 
et Vie (France), No. 382, p. 3 (July, 
1949). 

This is a report of the work done by Dr. 
Jean Laigret in Tunis. In the course of 
studies on methane fermentation, he 
came across B. perfringens, an anaerobic 
bacterium associated with gas gangrene 
and also known for the fermentation of 
organic matter with the production of 
carbon dioxide and hydrogen. This fer- 
mentation comes to a stop at the end of a 
few days, the liquid becoming acid. 
When ammonium formate is fermented 
by this organism, the fermentation is more 
regular and prolonged; the gas is more 
abundant, consisting of equal parts of 
carbon dioxide and hydrogen. Addition 
of a trace of potassium iodide (1: 5000) 
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to the substrate 


formate 


containing ammonium 
initial fermentation 
similar to the series without potassium 
iodide. However, it came to a stop at the 
end of 10 to 15 days, after which there 
took place a second gas production con- 


gave an 


methane, 
produced 


large 
had not 
other 
eontaining or not 


taining a percentage of 


which been before. 


Various organic materials, either 


containing cellulose 
gave results. Apparently, the 
iodide a catalyst. It was 
cluded that B. perfringens, without the aid 
of any other bacteria, is capable of bringing 


simular 


acted as con- 


about methane fermentation, provided a 
catalyst aided the reaction. One gram of 
1,600 ml. of gas, of 
which the first half contained SO per cent 


hydrogen and the second half SO per cent 


formate produced 


methane 

The second approach was to establish 
a relationship between methane fermenta- 
tion and petroleum production, using the 
same B. perfringens) unde 
that the 
strate contained fatty acid 
acid). At first only earbon dioxide was 
obtained, but on the surface of the 
there black, 


combustible liquid immiscible with water 


Organism 


similar conditions, except sub- 


higher oleic 


fermented material was a 
Analyses showed that this material could 
be classified as petroleum. On repetition 
basis, the same results 
with 3 ml. of 
being obtained per 4 

that 
bacterial 
that B. perfringens 


on a continuous 


were obtained, petroleum 


grams ofl 


soap It 


was concluded petroleum could be 


produced by fermentation and 
could produce not only 
methane, but also petroleum. It is pos- 

» that other bacteria also may play a 
part in the origin of petroleum deposits 
ind that petroleum may have a mineral 
rigin. Petroleum deposits generally are 
found which 
takes place 
vegetable (including 
inimal sink to 


Oxygen disappears from the 


near interior seas, in very 


biological synthesis 
The dead bodies of 
plankton) and 
the bottom 
bottom 


ictive 
materials 


deposits and bacterial action takes 


place under 
f naer 


anaerobic conditions; petro- 


leum is produced. In petroleum bearing 
strata are found fossil and living anaerobic 
bacteria 

The products of fractional distillation 
of crude petroleum obtained from sewage 


sludge are as follows 
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Distillation 
emp. CC 
175 26 
175 to 280 21 
280 to 310 21 
Residue 22 


Kerosene 

Gas oil or fuel oil 

Very heavy fraction 

The experiments were conducted on a 

The 

seeding the 
pe rfri ngens 


laboratory scale with small volumes. 

started by 

with B 
small 


fermentation 1s 
fermentible wastes 
and the addition of 
cheap chemicals. 

Temperature has 
on the time required. 
duced below 30° C. 
perature, however, is between 37° and 
40° C. Above 43° C., the fermentation 
stops. All the experiments were made at 
normal atmospheric pressures. It is ex- 
that at higher bette: 
results might be The  fer- 
mentation, after a variable period, gives 
equally variable products, according to 
the materials used for fermentation, but 
which consist of combustible gases and of 
liquid hydrocarbon. The composition of 
crude petroleum obtained by fermentation 
is practically the same from the different 
organic substrates fermented. With vege- 
table oils, 80 per cent is transformed to 
hydrocarbons, of which 65 per cent is in 
the form of crude petroleum and 15 per 
cent is gaseous hydrocarbons. One ton 
of oil fermented yields 800 |. of petroleum 
and 200 cubie meters of combustible gas. 
Waste oil cakes, non-edible bottom oils, 
and castor oil could be substituted for pure 
vegetable oils. Fish wastes produce 70 
per cent of their weight as hydrocarbons. 
Citrus fruit pulp produces 37.5 per cent 
of its weight as hydrocarbons—187 1. of 
petroleum and 300 cubie meters of com- 
bustible gas per ton. Dead leaves might 
also be digested. Experiments were per- 
formed with the digestion of sewage sludge, 
from which 106 |. of crude petroleum and 
124 cubie meters of gas was obtained per 
ton of sludge. 


quantities of 


an important effect 
Methane is pro- 
The optimum tem- 


pected pressures 


obtained. 


H. HeUKELEKIAN 
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Beet Sugar Waste Treatment. 
Chem. and Eng. News, 28, 13, 
(Mar. 27, 1950). 

This brief article, presented under the 
heading of Research Progress, describes a 
process for waste elimination and sugar 
recovery in connection with beet sugar 


manufacture. The method was developed 
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in the sanitary engineering laboratories at 
Massachusetts Institute of Technology 
ind involves chlorination (25 to 65 p.p.m.) 
of the waste under controlled pH (5.5 to 
7.0) conditions. After chlorination, co- 
agulation, and sedimentation, the treated 
process waste water is suited for use as 
extraction water. The result is better 
sugar recovery and a decrease in water 
requirements. The small amount of 
sludge produced can be disposed of readily. 
Full-scale installations have been tested 
in Ohio and Michigan. Preliminary esti- 
mates indicate that the savings in sugar 
alone will pay for the cost of treatment. 


Paut D. HANngy 


Pendray Outlines Waste Disposal Pro- 
gram. A Srarr Reporr. Chem. and 
Eng. News, 27, 49, 3632 (Dec. 5, 1949). 
This paper, presented by a member of 

the firm of Pendray and Leibert, deals 

principally with the important problem of 
public relations in connection with in- 
dustrial waste air and water pollution. 

General observations, which may prove 

useful to other industries, are presented, 

as follows: (1) all new plants should have 
adequate smoke, fly-ash, ete. control; 

(2) make engineering studies of any exist- 

ing air or water pollution studies and tell 

the community the whole story; (3) 

discuss the problem freely and present 

your story skillfully; and (4) have support- 
ing facts, reasons, and explanations readily 
available if you believe your plant is being 
unjustly accused of air or water pollution. 


D. Haney 


Underground Disposal of Process Waste 
Water. By Lawrence K. Ceci, Ind. 
Eng. Chem., 42, 4, 594 (Apr., 1950). 
The petroleum industry daily is dis- 

posing satisfactorily of millions of gallons 

of highly mineralized oil field brines into 
thousands of disposal wells. This method 
should be considered by any chemical 
industry having to dispose of a waste 
water that cannot be conditioned for 
disposal into the natural drainage. In 
some areas no suitable disposal formations 
exist, but wherever there is an appreciable 
depth of sedimentary deposits a study of 
the possibilities should be made. The 
technology of well completion has been 
adequately established by the petroleum 
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industry, hut care must be exercised in 
the selection of the disposal formation. 
Waste water must be treated so that it 
will not plug the face of the receiving 
formation. 

This method of disposal has been used 
by several manufacturing plants associated 
with the petroleum industry. A_ report 
of 18 months of successful operation of a 
waste treating plant and the receiving 
well presents the problems associated with 
treatment and. injection-well disposal of 
waste water. 

D. Haney 


Neutralization of Acid Wastes. By B. W. 
Dickerson AND R. M. Brooks. 
Eng. Chem., 42, 4, 599 (Apr., 1950). 

A description is presented of an eco- 
nomical method of neutralizing an acid 
waste of variable quantity and quality. 
The results of waste neutralization are 
such that the effluent’s effect on the 
receiving stream is negligible, thus elimi- 
nating «a formerly serious source of 
pollution. 

The acid wastes resulted from the 
manufacture of nitrocellulose and consisted 
principally of dilute water solutions of 
nitric and sulfuric acids. Neutralization 
is accomplished with a dolomitic lime. 
This type of lime was found to be the most 
economical and, fortunately, the best from 
a chemical standpoint. Neutralization 
is carried out in a multi-compartment 
reaction chamber and automatic pH 
control is provided. 

The paper gives details of the pre- 
liminary investigations, engineering de- 
sign, construction and operating problems 
and procedures. 

Paut D. Hanny 


Operation of Anaerobic Fermentation 
Plants. By Arruur M. Buswe 
Ind. Eng. Chem., 42, 4, 605 (Apr., 1950). 
The anaerobic process of digestion of 

organie matter yields a humus-like solid 

material and a gas composed of methane, 
carbon dioxide, and hydrogen. This proe- 
ess effectively accomplishes the stabiliza- 
tion of putrescible waste liquors; where 
conditions permit its use it is much cheaper 
per pound of organic matter stabilized 
than aerobic processes. The process has 
two serious limitations: (1) for unknown 
reasons it is impossible to produce an 


2 od 
| 
: 
| | 
“hy 
: 
7 
i 
3 
hes 
= 


1102 SEWAGE AND INDUSTRIAL WASTES August, 1950 


effluent comparable to that given by 
aerobic treatment; and (2) the cost of the 
treatment increases as the concentration 
of the waste decreases. 

The preferred design for an anaerobic 
fermentation plant consists of two to 
three floating cover digestion tanks ar- 
ranged to operate in series. A heat ex- 
changer is required for the maintenance 
of the desired temperature. Circulating 
pumps and suitable piping to permit 
various schemes of operation and circula- 
tion are necessary. 

Anaerobic waste treatment plants treat- 
ing wastes from various industries have 
been in operation for a number of years. 
B.O.D. removals from about 70 to 90 
per cent have been obtained with tank 
loadings of from 0.10 to 0.14 Ib. per cu. 
ft. per day. Gas production ranges from 
5.0 to 11 cu. ft. per pound. It is believed 
that under carefully controlled conditions 
90 per cent purification can be obtained 
with a tank loading of 0.143 lb. per cu. ft. 


D. Haney 


Report of the Auckland Drainage Com- 
mission. By R. H. Quiiuiam, T. B. 
Nico, aNp J. H. Barnerr. 67 pp. 
(1949). 

This is a report of a Commission (ap- 
pointed by the Governor-General) upon 
the treatment and disposal of sewage in 
the Auckland Metropolitan Drainage Dis- 
trict. The area lies in two catchment 
areas draining to two harbors and Hauraki 
Gulf. One harbor has deep water, and 
with the Gulf is used for shipping, yacht- 
ing, and recreation; the other is shallow, 
and lined with industry, with less recrea- 
tion. There is considerable pollution from 
many outfalls. Since 1927, various proj- 
ects have been considered. Prior to 1946, 
the opposition was based on the pollution 
factors; since 1946, on the failure to 


provide for composting the sewage solids 
to make humus. 

The report considers the general factors, 
the utilization of sewage, and the dis- 
posal of sludge. The Commission had 
before it the Porter report. Apparently, 
objections were made by industry to 
paying charges. The Commission recom- 
mends that the Board should be given 
power by an amendment of the Drainage 
Act to fix the charges to be made to in- 
dustry for the disposal of their wastes. 

The utilization of sewage sludge is 
discussed with liberal quotations from 
FSWA “Manual No. 2.” After pointing 
out Mr. Porter’s preference for sludge 
digestion followed by air drying and rapid 
grounding at high temperatures, the 
Commission discusses the value of organic 
manure, noting that agricultural experts 
indicated the need of phosphate and the 
uneconomic status of composting. The 
Commission concluded that composting 
should not be made a part of the sewage 
scheme and that the cultivation of water 
plants is not warranted, because such 
procedures have not been demonstrated 
on a working scale and are full of risks. 
Further, the Commission considers it un- 
wise for the Drairage Board to take up 
composting of municipal wastes. Oxida- 
tion ponds were also dismissed. 

The Commission considers that the 
Drainage Board should produce an air- 
dried digested sludge, which can be used 
either as an activator in making compost 
or for conversion to heat-dried pulverized 
fertilizer. It also recommends that, in 
principle, the Board’s alternative scheme 
be adopted as most suitable for the drain- 
age of the Central and Southern Districts. 

Amendments to the enabling act were 
also indicated, to broaden the scope and 
jurisdiction of the Board. 


LANGDON PEARSE 
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1... PREVENTS SEPTICITY 
2...CONDITIONS SOLIDS 
3... IMPROVES SETTLING 


Here's real economy-—the PFT way—in improving primary treatment and increasing settling 
tank removals. Combination Preaeration-Primary settling tanks are made possible by in- 
stalling PFT Preaeration equipment in the inlet end of rectangular settling tanks. As shown 
in the diagram, this equipment is made up of standard porous diffuser plates in vertical 
cast iron holders arranged for easy removal and servicing of plates. Air introduced through 
these plates adds oxygen to the raw sewage and provides agitation and mixing. This triple ac- 
tion prevents septicity in the settling compartment and conditions solids for improved set- 
tling and a resulting increase in removal of suspended solids and 5-day B.O.D. A baffle : 
wall separates the preareation and sedimentation portion of the tank. A single sludge re- 


moval mechanism may be used for both the 


preaeration and settling portion of tank. 


4 tactall 


Recent PFT Preaeration equip 
tions include: Marshfield, Wis.; San Leandro, 
Calif.; and Stockton, Calif. The North Point 
Plant for the City of San Francisco, for which 


contracts were recently awarded, also incor- 


porates PFT preaeration equipment. Write for PET Preaeration Equipment in Aeration-Sedimen- 
: tation tank at Sewage Treatment Plant of the Cen- 
details. tral Contra Costa itary District, Walnut Creek, 
Calif.—Clyde C. Kennedy, Consulting Engineers. 


SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 1893 


4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
MEW YOR LOS ANGELES SAN @ CHAMLOTIL DENVER @ TORONTO 
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Painted for U. S. Pipe & Foundry Ce. by Dean Cornwell 


You have heard it said that “‘cast iron pipe 
is‘cast iron pipe’’—a pipe that gives depend- 


able, long-lived, low-cost service — no 
matter who makes it. And that is basi- 


cally a true statement. Why then do we rele! t n 
have customers who have regularly S 1To 


purchased from us for over 50 years? 
One reason is that we have pioneered 
developments that have resulted in PIPE 
process and product improve- on SEWERAGE 
ments over the years, just as to- opal TRIAL SERVICE 
day, through research and 
development, we strive still further to improve 
our product. Another reason is that we have been able 
to give our customers the type of service needed to 
meet their particular requirements. United States Pipe 


and Foundry Co., General Offices: Burlington, New 
Jersey. Plants and Sales Offices throughout U.S.A. 
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SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 
cluding 72 inches. 


ALL SNOW GATES and Lifts are “‘Parkerized"’ 
for protection against rust and corrosion. 


Over 40 years continuous service to the industry. 


We will be pleased to quote on any type of water 
controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 
2437 East 24th Street Los Angeles 54, Calif. 


_ Our thanks to the municipal officials ar 
‘ Pro ssion for an response to our bo klet, 


be glad to fill your requests as long* 
os the supply lasts... 


--- also, let us tell you how we can help you solve your 
individual sewage problems. It costs nothing to investigate 
thoroughly this proved method. Write to: 


Nhe so-Chemtcal Process 


2266 North Meridian Street 120 Broadway 
Indianapolis 8, Indiana New York 5, New York 
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FSWA SPECIAL PUBLICATIONS 


COPIES 


COPIES 


C) 


COPIES 


COPIES 


COPIES 


COPIES 


ORDER BLANK 


Manual of Practice No. 1—OCCUPATIONAL HAZARDS 
IN THE OPERATION OF SEWAGE WORKS. A com- 
plete analysis of sewage works hazards, accident statistics, safety 
practices and equipment. 

53 pages Members $0.25; Others $0.50 each 


Manual of Practice No. 2—UTILIZATION OF SEWAGE 
SLUDGE AS FERTILIZER. An authoritative evaluation of 
the advantages and limitations of sewage sludge as a soil condi- 
tioner; recommended practices. 


120 pages Members $0.75; Others $1.25 each 


Manual of Practice No. 3—MUNICIPAL SEWER ORDI- 
NANCES. A guide to the proper regulation of the use of mu- 
nicipal sewage works; with recommendations for industrial waste 
control. 

44 pages Members $0.50; Others $1.00 each 


RING BINDER—Attractive and durable cover especially de- 
signed for filing numbered manual of practice. 


$2.00 each 


UNIFORM SYSTEM OF ACCOUNTS FOR SEWER 
UTILITIES—Tentative Manual of Practice—A manual of 
specialized accounting practice for sewage works; especially 
valuable to those administering sewer revenue financing plans. 


117 pages, mimeographed $5.00 each 


GLOSSARY—WATER AND SEWAGE CONTROL EN- 
GINEERING. Official technical definitions of 2,600 terms per- 
taining to hydrological, hydraulic, water works and sewage 
works engineering. 

274 pages, paper cover $1.00 each 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 Illinois Building 
Champaign, II. 


Please forward the above indicated publications. 


Enclosed find check $. 
Name.. 


Street 


City 
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Tonawanda, N.Y. builds 
concrete storm sewers 
with unusual features 


Ser RAPID growth of Tonawanda, 
N.Y. created serious storm sewer 
problems in the eastern section of the 
city. Here the storm flow emptied into 
sanitary sewers which backed up and 
flooded basements every heavy rain. 


To solve this pressing problem a 
new concrete storm sewer system was 
built. This system is unusual in many 
respects. It includes more than 314 
miles of reinforced concrete box sewer 
16 ft.x 7 ft., 10 ft. x 7 ft., 7 ft. x 6 ft. 
and a dual 9-ft. x 7-ft. section. 

In addition, the system required 
over two miles of reinforced concrete 
sewer pipe, 18 in. to 78 in. in size. 

The Tonawanda Town Board offi- 
cials believe that the cost of this pro- 
ject will be repaid in taxes many times 


Upper photo shows completed section of reinforced 
concrete box sewer, 7 ft. high x 16 ft. wide, before 
backfilling. Lower photo shows 66-in. reinforced 
concrete pipe being placed in a 24-{t. cut. 


because of increased valuation in the 
area. Already industrial, apartment and 


retail store building have boomed and 
1,500 new homes have been built. 
Concrete sewer structures such as 
these give lifetime service. First cost 
is moderate and maintenance is low. 
Result: low-annual-cost sewer service. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue . A national organization to improve and extend the uses of portland cement 
Chicago 10, Illinois ~ and concrete . . . through scientific research and engineering field work 
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DIRECTORY OF ENGINEERS 


(Continued to page 28) t 
J 
ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
FRANCIS 8S. FRIEL Engineers 
Censalting Engineers 
WATER, SEWAGE AND INDUSTRIAL Charles B. Burdick Louis R. Howson 4 
ASTE PROBLEMS Donald H. Maxwell ‘ 
AIRPFIEL REFUSE INC Water Works, Water Purification, 
INDUSTRIAL BUILD Flood Relief, Sewerage, Sewa 
CITY PLANNING vA |ATIONS Disposal, Drainage, Appraisals, 
REPORTS LABORA TORY Power Generation 
Suite 1509-18 PHILADELPHIA Clyie O Balldi Cc 
MICHAEL BAKER, JR., Inc. BAXTER, NELSON & WOODMAN | 
The Baker Engineers and 
Civil Engineers, Planners, and Surveyors Civil Sanitary Engineers : 
Municipal Engineere— Airport Denign—Sewage Disposal Water Supplies Water Treatment | 
Systema—Water Works Dengn and Sewer Systems Sewage Treatment 
Investigations : 
Home Office: Rochester, Pa. : 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. 0. Box 67 Crystal Lake, Illinois 4 Ee 
| 
W. H. & Lie D. BETZ Don’t be fourth sae 
Consulting Engineers to send in your professional card for 
: Industrial Waste listing in The DIRECTORY OF 
: Industrial Water ENGINEERS. There are just three 
Anaivels Design more available spaces remaining for 
; Investigations Operation card listing among these outstanding 


Gillingham & Worth Sts. Philadelphia 24, Pa. specialists. 


BLACK & VEATCH 
Consulting Engineers 
SewaGE - ELEctTrRIcITy - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 
CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers BOWE, ALBERTSON & ASSOCIATES 
Cuwton L. Boosrt Ivan L. Boorar : 
J. M. M. Rosgenxt A. Lincoun Engineers 
DonaLp M. Ditmags ARTHUR P. ACKERMAN Sewerage—Sewage Treatment 
Water Supply— Purification 
Water and Sewage Works Refuse Disposal— Analyses s 
Refuse Disposal Industrial Wastes Municipal —Industria!l Projects 
Drainage Flood Control Valuations— Reports— Designs 
624 Madison Ave, New York 22, N. ¥. 110 William Street New York 7, N. Y. 


Take advantage of the services of these outstanding consultants! 
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BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
ializing in § Sew > 


Ch 


pply and Water 
Valuations and Reports 


112 East 19th Street 


and Biologi Lab 


New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1998 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


534 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City, Mo. 
P.O. Box 7088 


Cleveland, Ohio 
1404 E. St. 


CAMP, DRESSER and McKEE 
Coneulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and 
Design and Supervision 
Research and Development 
Flood Control 


@ Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER 
Designs and Surveys Roads and Streets 

Planning Airports 

Bridges Dams 


Executive Offices 


DILLSBURG, PENNSYLVANIA 


WORKS 


THE CHESTER ENGINEERS 


Water Supply and Purification, 

Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reporte, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pitteburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. 


Chicago 11, Il. 


OSCAR CORSON 
Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision-—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Consulting Civil Engineers and 


Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Froceases, 
Hydraulic Works, Ges Plants 

Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water 


Supply 


Railroads 


Sewera 
Highways 


Grade Separations—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


FAY, SPOFFORD & THORNDIEE 
ENGINEERS 
M. Srorrorp Ratrpa W. Hoane 
JOHN AYER Witttam L. 
Bion A. Bowman Faank L. Lincoun 
A. Howaap J. WILLiaMs 
Water and Distribution—Drainage 
Sewerage and Sewage Treat ment—Alirports 


Investigations and Reports Designs 
150 North Wacker Drive Chicago 6 Supervision of Construction Valuations 
505 Colorado Bidg. Washington 5 Boston New York 


It pays to secure competent and experienced engineering advice! 
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EDWARD A. FULTON 
Ceneulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Piants; Sewerage and Sew- 
age Treatment Works; Mun Pavio 
and Power Developments; mse an 
Flood Control 


3209 Brows Read 


Saint Louis 14, Missoari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & Garbage Disposal 
Roads—Airports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pitteburgh, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York . Washingten 
Houston PA.  piiisdeiphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bidg., Philadelphia 3, Pa. 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


GREELEY & HANSEN 
Engineers 


Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 


Samuel A. Greeley 
Thomas M. Niles Samuel M. Clarke 
Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 
W. L. Havens C. A. Emerson 
A. A. Burger F.C. Tollee F. W. Jones 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 
Leader Bidg. 
Cleveland 14 


Woolworth Bidg. 
New York 7 


HAYDEN, HARDING & BUCHANAN 
Consalting Engineers 


Joun L. Havorn Joun H. 
Oscar J. Campia 


Water Works—Sewerage 
Civil—Mechanica! 
Electrical—Structural 


826 Park Square Building, Boston, Mass. 


CHARLES HAYDOCK 


Consulting Engineer 


Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Management 
Reports and Valuations 


231« Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more then 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Coatrol, Appraisals, 


Drainage 


Standard Oil Bidg Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Lee, ASSOCIATE 
Consullanis to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 
Menominee, Michigan 


521 Sexton Building 
Minneapolis 15, Minnesota 


Take advantage of the services 


these outstanding consultants! 
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HORNER & SHIFRIN 
Consalting Engineers 


Ww. 8. W. June 
H. Suurats EB. BE. Bioss 
. C. Liscues 


Sewerage and 
Water Supply — Municipal 
Reports 


Shell Building, St. Louls $3, Missouri 


INDUSTRIAL WASTES CONSULTANTS 
(A Guggenheim Subsidiary) 
—INVESTIGATIONS AND REPORTS— 

Offices and Laboratories 


2266 No. Menipian, 8, InpiaNa 
120 Baoapwar, New Youu 5, New Yoru 


Russell B. Moore-A. F. Theroux 
(Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 


Since 1906 
and Purification, bw pent 
reatment, Garbage 
uildings. 
TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction | 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8T., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 


Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposa), Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


WORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airflelds 
Statler 111 Sutter St. 
Boston 16 San Francisco 4 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Briackerbef, Hall & Macdonald 
. Gale Dixon, Associate 
Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 
Trafic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Develop Industrial Buildings 


51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Lovestigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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MALCOLM PIRWIE ENGINEERS 
Civil & Sanitary Engineers 
Matcoum Praxis Eanser W. 


Roserr W. Sawren G. G. Ja. 
Haren 


Investigations, Reports, Plans 
of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision o 
Construction & Operation 


Analytical Laboratories 


1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rivriz B. V. Hows 
Appraisals— Repors 


Design—Su; 2 
Water Works Systems, 


Plants, Reservoirs and Dams, Senitay aod 
Storm Sewers, Sewage __ Plants, 
Refuse Disposal, 


426 Cooper Bidg. mee 2, Colorade 


RUSSELL and AXON 


Consulting Engineers 
Geo. 8. Bussell 

Joe Williamson, Jr F. E. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply. Water Purification, Power Plants, 

Appraisals, Rate Investigations, Reports, 
Plans, Specifications 

408 Olive St. 


Municipal Airport 
St. Louls 2, Mo. Fla. 


Daytona Beach, 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Alirports 


Hershey Bullding 
Muscatine, Ia. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply —Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports 
tos 8. High 8&t. 


Appraisals 
Columbus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Wastes Treatment 


Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

luvestigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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WESTINGHOUSE solves critical 
waste disposal problem with 


FOXBORO pH Control 


When the Westinghouse plant in Beaver, Pa., 
was being planned, it was recilized that the 
waste from plating tanks would run as high as 
80,000 gallons of acid solution and 25,000 gal- 
lons of cyanide solution per day. Disposal of 
these wastes constituted a critical problem. 


CYRUS WM. RICE & CO. Inc. was retained 
to analyze the problem and design a treatment 
plant. A Foxboro pH Control System was speci- 
fied to maintain optimum pH for cyanide reduc- 
tion as well as proper pH of the effluent. The 
outstanding control which resulted is shown on 
the chart below. 

This Westinghouse installation is only one 
example of the many types of industrial waste 
problems which have been solved with Foxboro 
Control. Whatever your waste disposal prob- 


lem, Foxboro Instruments properly applied can 


including oe be counted on to reduce both initial investment 
ontrol pane! rollers— 


Fastallation- 


and operating costs. Talk it over with your 
’ nearest Foxboro representative, or write The 
Foxboro Company, Neponset Avenue. 
Foxboro, Mass., U. S. A. 


anks 
otment 


waste ‘oat Beaver. Po- Typical 24 hour pH record taken at weir to the 
house P * sewer. Note uniformity of record — indicating 
control of effluent within 1/10 of a pH unit. 
*Reg. U. S. Pat. Off. 


OXBOR pH CONTROL ERS 


REG PAT OFF. 
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SEWAGE AND INDUSTRIAL WASTES 


Do you have a 


MANUAL or PRACTICE BINDER? 


ome Keeps FSWA Manuals of Practice filed 
systematically . . . ready for use... in 


your reference library. 


omen [Large enough for additional manuals 


to be added. 


ames Attractively lettered on front cover and 


back edge for quick identification. 
$2.00 each 


Send in your order NOW! 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
325 ILLINOIS BUILDING 
‘HAMPAIGN, ILL. 


Please forward .....special ring binders for 
FSWA Manuals of Practice. @ $2.00 each. 


NAME 
ADDRESS 


CITy ZONE...... STATE 
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SEWAGE AND INDUSTRIAL WASTES 


The Hardinge Rectangular Tank Clarifier 
is particularly suitable where space is 
limited or where sludge delivery is desired 
at one end of the tank. A traveling bridge 
crane spans the tank width and supports 
a sludge scraper and skimmer. This unit 
moves automatically along the} tank, 
scraping all settled solids into sludge ,hop- 
pers at one end and discharging scum \into 
ascum trough. Give us pertinent details of 
197 treatment problem: write for Bulletin 
35-C-16. 


“Don’t blow your top! 1 


YORK, PENNSYLVANIA — 240 Ar 
NEW YORK 17—122 E. 42nd S#. 


SAM FRANCISCO Coliforsie $4. 


© 


ch St. . Mein Office and Works 
205 W. Wacker Drive—CHICAGO 6 
200 Bey $¢—TORONTO 


Ane You Interested 
in 

Sewage and Industrial 

Waste Treatment? 


If so, affiliate with 


THE FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


For Particulars, Write 


FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 


PROOF 
“STERELATOR EFFICIENCY” 


Actual Usere—THE BEST PROOF OF ALL— 
Prove our claims that Everson SterElators are 
DEPEN DABLE—8SAFE—EFYICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElators METER-MIX-FEED 

gas accurately for all Water 
or Bterilising demands 
Furnished for Manual or Automatic operation. 
Everson SterElators utilize a high Vacuum. 
The indicating FLOW METERS have a 10 to | ratio 


Stenplators 


EVERSOR MANUFACTURING CORPORATION 
207 West Huron Street, Chicago 10, Illinois 
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INDEX TO Apvarrisexs 


* 


DIRECTORY OF ENGINEERS, pr. 24-28 
& Buchanan 
Heaningsos ngiucering 
Hitchcock & Estabrook, 
Shilcin 
Industria} Wane Consultants 


Leow, 

Fay, Spotiord & Thesitke 

Fulton, Edward A, 

Gennett Fleming Cotddnp & Carp sate, ine. 
Bee, 


PATRONIZE (UR ADVERTISERS—whose support makes poseibs the 
‘ication of this Journal. When euritiag 
AND INDEST WASTES. 
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Bogert, Ctinton L., As macy & Scheonmaker 
Duck, Seifert and R Kennedy, Clyde C. 
Chester Engineers, The Nusbaumer, Clarke & Velzy, In 
Coasoer, Townsend & Parsons, Brinckerhod, Hall @ 
Damon & Poster Pirnie, Malcolm, Engineers 


